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The leader 


Best we be prepared. 


Fast action will help the world contain the new coronavirus 


A DEADLY new virus is spreading 
rapidly around the world. In a matter 
of weeks, we have seen almost 

3000 people infected across at least 

12 countries, and more than 80 deaths. 
But epidemiologists are warning that 
it has the potential to spread further 
and claim more lives. 

We know the airborne virus can 
spread between people, and Chinese 
researchers studying it have warned 
that it seems to be able to spread before 
symptoms show. That might explain 
why it is spreading so much faster than 
SARS did back in 2003 (see page 8). 

As New Scientist went to press, 
reports of the first possible cases 
of person-to-person transmission 
outside China were beginning to 
emerge. If SARS, MERS, Ebola or swine 
flu have taught us anything, it is that 
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we need to be prepared. The reaction 
of national and international health 
agencies is key. The controversial 
decision by the World Health 
Organization to hold off on declaring 
a public health emergency of 
international concern is one it may 


“Chinese researchers 
sequenced the new virus in 
days and swiftly shared their 
results internationally” 


come to regret — the agency is still 
facing criticism for its delayed response 
to the Ebola outbreak in West Africa. 

In the meantime, China is due 
some credit. The country has swiftly 
responded to the outbreak. Local health 
agencies reported the first suspicious 
cases back when there were only a 
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handful of them, and the world has 
been updated on a daily basis since. 
The food market at the centre of the 
outbreak was shut and disinfected as 
soon as it was identified as a possible 
source. Chinese researchers not 
only sequenced the genome of the 
new virus ina matter of days, they 
also immediately shared their results 
with the international community. 
As aresult, diagnostic kits exist in 
multiple countries. 
China’s lockdown of several cities 
is unprecedented, and certainly isn’t 
foolproof: it is impossible to fully stop 
the movement of people. But it is a big 
step in stemming the virus’s spread. 
Other countries, including the UK, 
have insisted they are prepared to deal 
with any outbreak. Let’s hope we won't 
find out if that is true. 
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Huawei can build UK 5G 


The Chinese telecoms firm Huawei will be allowed to provide 5G 
technology to the UK, despite security fears, reports Adam Vaughan 


THE UK government has decided 
to allow technology from Chinese 
company Huaweito be used in the 
country’s superfast 5G network, 
despite intense pressure from the 
US for a ban. The decision, made 
by prime minister Boris Johnson 
this week, was branded a major 
blow for the US. 

Huawei is the world’s biggest 
producer of telecoms equipment, 
but critics have warned that 
allowing the firm to supply the 
UK’s 5G infrastructure is a national 
security risk. The US threatened to 
cut off intelligence sharing ifthe 
deal went ahead. 

Now the UK has said it will 
give Huaweiaccess, albeit with 
several limitations. The UK’s 
National Cyber Security Centre 


will tell telecoms operators that 
Huawei-and any other “high-risk 
vendors” — must be excluded from 
“core” functions that manage 
the network, as well as critical 
national infrastructure. The firm’s 
technology will also be barred 
from nuclear and military sites. 
As part ofa decision made by 
the UK’s National Security Council 
on Tuesday, Huawei will only be 
allowed to contribute up to 35 per 
cent of the peripheral network 
infrastructure, which connects 
devices to cellphone masts. That 
figure will be kept under review 
and the government said it would 


More 5G online 


act swiftly to mitigate any risks. 

“It is necessary to have tight 
restrictions on the presence of 
high-risk vendors,” said the UK’s 
digital secretary, Nicky Morgan, 
in a statement. Huawei said it was 
“reassured” by the decision, which 
would “keep the 5G roll-out on 
track”. Trade body Mobile UK 
welcomed the move, which it said 
provides access to the “latest and 
most innovative technologies”. 

However, US Republican Newt 
Gingrich quickly tweeted: “[The] 
British decision to accept Huawei 
for 5G is a major defeat for the 
United States.” I 


How will we use superfast mobile internet? 
newscientist.com/5g-guide 


Mystery footprints 
Huge dinosaur may 
have waded on only 
two legs p16 


Greenhouse gases 


Australian fires add 
to carbon forecast 


THE UK's Met Office is 
forecasting a near-record 
annual increase in the 
concentration of carbon 
dioxide in the atmosphere 
in 2020, made worse by 
the huge wildfires burning 
in Australia. Around 2 per 
cent of the predicted rise 
will be due to those blazes. 
The fires are estimated 
to have emitted between 0.4 
and 0.7 gigatonnes of CO,, 
says Richard Betts at the Met 
Office. That is a lot, though 
not as much as the fires in 
Indonesia in 1997 to 1998, 
which may have produced 
between 3 and 9 gigatonnes. 
Before the industrial age, 
CO, levels - gleaned from 
ice cores - were around 
280 parts per million (ppm). 
When we began measuring 
them directly at the Mauna 
Loa Observatory in Hawaii 
in the 1950s, they were 
around 315 ppm and rising 
by less than 1 ppm per year. 
During the past decade, 
levels have risen by more 
than 2 ppm per year on 
average. Betts and his 
colleagues have forecast 
that the average level at 
Mauna Loa will rise to 
414.2 ppm in 2020 from 
411.5 ppm the year before. 
CO, levels are on the rise 
due to the 37 gigatonnes 
of the gas emitted every 
year by burning fossil fuels. 
However, only half the CO, 
we emit stays in the air. 
The rest is taken up by the 
oceans and plants. The 
annual CO, rise therefore 
varies greatly depending 
on global weather patterns 
that affect plant growth. I 
Michael Le Page 
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News 


Wuhan virus 
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Coronavirus spreads 


The deadly virus that emerged in Wuhan, China, may be much more 
contagious than initially thought. Jessica Hamzelou reports 


IT NOW looks as if it will be 
even more difficult to limit the 
transmission ofa deadly new 
coronavirus between people. 
On 26 January, China’s health 
minister Ma Xiaowei said the 
virus can spread before a person 
experiences symptoms. If this 
is the case, some researchers 
may have underestimated how 
contagious the virus is. 

“If the virus is able to spread 
before symptoms show, that 
could certainly explain why the 
virus is spreading quicker than 
SARS,” says Robin Thompson 
at the University of Oxford. 

He had previously calculated 
that there is a1-in-3 chance that 
a person who brings the virus to 
the UK will pass it on to others 
in the country. This would change 
if the virus is contagious before 
people realise they have it. 

The scale of the outbreak 
will depend on how quickly and 
easily the virus is passed between 
people. Using data collected up 
to 18 January, it appears that, on 
average, each person infected 
with the virus passes it to between 
1.5 and 3.5 other people, according 
to an analysis by Natsuko Imai 
at Imperial College London and 
her colleagues. 

But another study, by Shi Zhao 
at the Chinese University of 
Hong Kong and his colleagues 
and based on data collected 
between 10 and 21January, 
estimates that each person with 
the virus can pass it to between 
three and five other people. 

Comparisons have been drawn 
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This has caused [almost] 3000 
cases in three weeks.” 

The SARS outbreak was over 
by 2004- there have been no 


___ & reported cases since then. The 


= virus was brought under control 


“ia 8 by isolating infected people and 


The newly identified virus 
from China, currently 
known as 2019-nCoV 


global outbreak that began in 
2003. The viruses are from the 
same family, and both can cause 
fever and pneumonia. 

So far, the new virus seems to 
have a lower fatality rate. Based 
on the number of reported cases 
and deaths, the rate seems to be 
about 2.8 per cent, compared 
with a 9.6 per cent rate for SARS. 
But it is too soon to be sure just 
how dangerous the virus is. 

We are still in the early days of 
the outbreak, says Thompson. 

What we do know is that 
the new virus is spreading 
more quickly than SARS. “SARS 


; 2 screening air travel passengers. 
z Such measures would be more 


© difficult with a virus that can 
z spread before symptoms appear. 
There is also a chance that the 

virus could mutate to become 
more contagious or deadly. 
However, there is no evidence 
yet that the virus has mutated 
within people, and the World 
Health Organization (WHO) told 
a press conference last week that 
the virus appears to be stable. 


Cities locked down 


When New Scientist went to press, 
the WHO hadn’t yet declared 
a public health emergency of 
international concern, although 
the organisation says the risk 
of the virus is “very high in China, 
high at the regional level and 
high at the global level”. 

The US Centers for Disease 
Control and Prevention (CDC) 


describes the outbreak as a “very 
serious public health threat”. The 
CDC cautions that, although only 
five cases have been reported in 
the US so far, person-to-person 


“If the virus is able to spread 
before symptoms show, 
that could explain why it 
is spreading so quickly” 


spread of the virus in the country 
is “likely to occur to some extent”. 

WHO figures from 27 January 
say that there have been 2741 
confirmed cases of the virus so 
far, with cases in 12 countries 
including Australia and France. 
There have been 80 deaths, 
allin China. 

On 28 January, reports were 
emerging of the first possible 
cases of person-to-person 
transmission to occur outside 
China. The WHO is expected 
to declare a public health 
emergency if and when the virus 
is confirmed to be spreading in 
this way in multiple countries. 

Meanwhile, health authorities 
in China have undertaken 
unprecedented measures in 
an attempt to stop the virus 
spreading. Wuhan has been placed 
on lockdown - public transport 
has been stopped, the airport is 
closed and the use of personal 
motor vehicles has been banned. 
Similar measures have been taken 
in several other cities, affecting 
tens of millions of residents. 

The Chinese government 
has also temporarily banned the 
sale of wildlife in markets and 


between the pneumonia caused 
by the newvirus and that induced 
by severe acute respiratory 
syndrome (SARS), which infected 
more than 8000 people during a 


y restaurants. While the origins 

= of the virus are still unclear, it 

€ is thought that the virus was 

= g passed from bats to people, 

2 possibly via snakes or minks. 

Z These animals were all reportedly 
on sale at the Huanan seafood 
market in Wuhan, where the first 
infections were reported. 
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at Zhongnan Hospital 
in Wuhan, China 
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Artificial intelligence 


Almakes people 
in videos speaka 
different language 


Donna Lu 


FAKE videos created by artificial 
intelligence may eventually help us 
talk to people in other languages. 

Prajwal Renukanand at 
the International Institute 
of Information Technology in 
Hyderabad, India, and his colleagues 
have developed software that 
automatically translates people's 
speech in videos so they speak 
another language instead. It also 
matches lip movements with the 
words in the translated language. 

The deepfake software works 
by combining several algorithms. 
Given a video of a person speaking, 
one Al recognises the words being 
spoken and another translates 
the words into a target language. 

A third text-to-speech Al generates 
the sounds, while a final algorithm 
animates the lips and mouth to 
match facial movements with the 
words spoken in the new language. 

The software was trained on 
29 hours of videos of hundreds of 
English speakers. For a 10-second 
video, Renukanand estimates that it 
takes about 1 minute of processing 
to generate translated footage. 

Depending on the text-to-speech 
algorithm used, the translated 
words can be said in either a 
generated version of the speaker's 
own voice or a more generic voice. 

The technology works on still 
images as well as on moving videos. 
“Whatever face we generate must 
be able to be painted back into the 
video,” says Renukanand. 

It could translate television or 
films for multiple audiences, says 
Renukanand. This could be useful in 
India, with its 22 official languages. 

The team thinks the software 
could be used for video calls between 
people who don't speak the same 
language. Something said in English, 
for example, could be translated so 
the other speaker hears and sees 
Chinese. However, the software 
isn't fast enough yet to translate 
conversations in real time. I 


Nuclear energy 


UK fusion reactor will fire 
up for first time in decades 


Adam Vaughan 


WITHIN months, researchers 
will attempt to create a ball of 
plasma hotter than the sun 
inside a doughnut-shaped 
machine in southern 
England. It will be the UK’s 
first nuclear fusion operation 
since the last century. 

The attempt in November 
to fuse two forms of hydrogen 
at the Joint European Torus (JET) 
in Culham, Oxfordshire, will be 
the first since the facility broke 
the then world record for nuclear 
fusion power production for 
less than a second in 1997. 

“Humans don’t do this very 
often,” says Howard Wilson 
at the University of York, UK. 
He says the fusion reaction in 
the ring-shaped tokamak at JET 
is “extremely important” for 
informing efforts to create the 
first plasma at a much bigger 
fusion project being built in 
France called ITER. 

Commercial nuclear fusion 
power holds the promise of 
clean, limitless energy but is 
still considered many decades 
away. So far, test projects have 
consumed more power creating 
the reaction than they produce. 

The UKis keen to bea 
leader in the field, with 
the government last year 
committing £200 million for 
a plan to build a commercial 


1997 


Date of the last fusion test 
at the Joint European Torus 


power station in the future, 
although Brexit could have 
an impact on funding in this 
sector (see page 20). 

JET will import the fuel for 
the November reaction, a few 
grams each of the hydrogen 
isotopes deuterium and tritium, 
from Canada within the next 
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"a 


few months. When fused, 
they will produce a plasma 
with a temperature of 

100 million°C, which will 

be held in place by magnets. 

There are two key differences 
between this year’s reaction and 
the one 23 years ago. The big one 
is that the materials used inside 
the reactor have been changed, 
with carbon-based materials 
such as graphite replaced 
with tungsten and beryllium. 
Carbon acts as a sponge for 
hydrogen, so the change should 
mean more ofthe hydrogen 
fuses in the plasma, rather 
than ending up in the wall. 

The second difference is 
how long the plasma should 
last. In 1997, the peak output 
of 16 megawatts lasted just 
milliseconds before the 
plasma dissipated. 

“Tm not going to get into 
whether we beat that number, 
but you'd be looking to do 
something equivalent to that 
but for a much longer time,” 
says a spokesperson for the UK 
Atomic Energy Authority, which 
runs JET. The group hopes this 
time the plasma could be held 
for as long as 5 seconds. 


oo 


The Joint European Torus 
should host a nuclear 
fusion experiment this year 


Whatever the outcome, 
Wilson says the resulting 
data will be vital for helping 
ITER when it makes its first 
plasma, which is currently 
pencilled in for 2025. 

ITER is designed to generate 
10 times as much poweras it 
consumes, and researchers 
hope it will be the stepping 
stone towards commercial 
nuclear fusion power decades 
later. Two UK companies, 
Tokamak Energy and First 
Light Fusion, believe they 
can have reactors ready for 
commercialisation by 2030. 

Learning more about fusion 
with tritium should help 
future fusion projects, says 
Juan Matthews at the University 
of Manchester, UK. “You need 
to make sure you contain 
tritium as there are strict 
limits on its emissions into the 
environment, but also because 
it is expensive at around 
$30,000 a gram. So you need 
good systems for its recovery 
and recycling,” he says. &f 
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Organ transplants 


Human genes given to pigs to create 
rejection-proof skin for transplants 


Michael Le Page 


THE race to create pigs with organs 
that are suitable for transplanting 
into people is hotting up. At least 
three teams have added human 
genes to pigs to try to prevent 
donor organs from being rejected 
by arecipient’s immune system. 

The research could solve two 
problems. The first is a shortage of 
human donor organs. The second 
is that people who get transplants 
need to take medicines for the rest 
of their lives to suppress their 
immune system and avoid the 
new organ being rejected. 

Different research teams are 
trying to tackle this by adding 
human genes to pigs, in an effort 
to make their organs suitable for 
humans, and potentially less likely 
to be rejected by the recipient’s 
immune system too. 

Lijin Zou at the First Affiliated 
Hospital of Nanchang University 
in China and his colleagues have 
created pigs into which they added 
eight human genes that reduce 
the chance of a donor organ being 
rejected, and removed three key 
pig genes that trigger organ 
rejection. The group then 
transplanted skin from these 
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pigs to monkeys. The skin graft 
survived for up to 25 days without 
the monkeys needing any 
immune system suppressing 
drugs (bioRxiv, doi.org/dkkn). 

“So far, it is the best result, at 
least from the English literature,” 
says Zou. His team is preparing to 
start human trials of the pig skin 
as atemporary cover for extensive 
burns. These are usually covered 
with skin from dead human 


Genetically engineered 
pigs could provide organs 
suitable for transplant 


donors while new skin grows. 
Zou says he would “expect even 
better” results in humans. 

Interest in this kind of approach 
has surged in the past decade as 
advances such as CRISPR gene 
editing have made it feasible 
to make extensive changes 
to the genomes of animals. 

In December, Luhan Yang at 
biotech firms Qihan Bio in China 
and eGenesis in the US reported 
that her team had created pigs 
with nine added human genes 
and dozens of deleted pig genes. 

In addition to deleting the same 


three genes knocked out by Zou’s 

team, Yang’s team also inactivated 
dozens of pig viral genes known as 
porcine endogenous retroviruses, 
or PERVs (bioRxiv, doi.org/ggf4s2). 

“It is a major technological 
achievement,’ says David Cooper 
of the University of Alabama 
at Birmingham, a former 
transplant surgeon who works 
on transplanting pig organs. 

But regulators will want to know 
whether all of these genetic 
changes are necessary, he says. 

Cooper is working with US 
biotech company Revivicor, which 
has added six human genes to 
pigs, as well as deleting the same 
three pig genes as the other teams. 
“I believe that any of these pigs 
will be suitable for a clinical trial 
[in humans], but we have to 
persuade the regulatory 
authorities first,” he says. 

If PERVs start infecting human 
cells after a transplant, there is a 
risk they might cause cancer years 
later, says John Coffin at Tufts 
University School of Medicine 
in Boston. But this is still better 
than the outcomes if people 
don’t get a transplant, he says. 


Ancient humans 


People have been 
getting piercings 
for avery long time 


A YOUNG man who lived over 
12,000 years ago in east Africa 
probably had facial piercings. The 
finding suggests people have been 
wearing facial piercings in Africa 
since deep in prehistory. 

“We're potentially opening 
a window into the life of this 
individual,” says John Willman 
at the University of Coimbra in 
Portugal. Body modifications 
“are often associated with social 
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maturation, things like puberty and 
rites of passage”, he says. 

He has been studying the skull 
of a young adult male known as 
Olduvai Hominid 1, or OH1. It was 
discovered in 1913 in Olduvai 
gorge in Tanzania. In 1993, 
researchers noted unusual wear 
on OH1's teeth. They thought this 
was due to chewing tough plants. 

“I took one look at it and said ‘no{” 
says Willman, who has studied the 
jaws of First Peoples in Canada 
who had facial piercings. So he and 
his colleagues re-examined and 
measured OH1's teeth and jawbone. 
They found that the incisor teeth 


were worn at the front. “It looks 
almost like somebody took the 
front end off these teeth with an 
ice cream scoop,” he says. 

Towards the back of the mouth, 
the premolars and molars were also 
worn. “All the curvature you can feel 
when you run your tongue over your 
cheek teeth is virtually gone,” says 
Willman. The team believes these 
wear patterns mean OH1 had three 
facial piercings: a “labret” through 


“Body modifications are 


often associated with social 
maturation, like puberty 
and rites of passage” 


his lower lip, and one in each cheek 
(American Journal of Physical 
Anthropology, doi.org/dkhm). 
Because the piercings haven't been 
preserved, we don't know what 
they were made of or looked like. 
OH1 lived between 12,000 and 
20,000 years ago, making him the 
oldest known example of facial 
piercings in Africa and the second 
oldest in the world. Previously, most 
evidence for piercings came from 
humans who were alive in the last 
5000 years. The oldest instance 
of cheek piercings on record is in 
central Europe 25,000 years ago. I 
Michael Marshall 


Climate change 


New science denial tactics? 


Event accused of using the “reproducibility crisis” to knock climate research 


Michael Marshall 


A CONFERENCE in California 

next week says it aims to make 
scientific studies more reliable, 
but critics fear the event isa new 
tactic used by those who question 
the reality of climate change. 

The event, called Fixing Science, 
is being run by the National 
Association of Scholars (NAS), 
anon-profit organisation based 
in New York. 

The conference’s programme 
focuses on the reproducibility 
crisis — the claim that science has 
an increasing problem with poorly 
performed or even fraudulent 
studies — with a portion dedicated 
to how that applies to both 
economics and climate change. 

In recent years, psychology 
and medicine have suffered a 
series of embarrassing incidents, 
where well-established results 
collapsed under scrutiny. Many 
scientists believe we must reform 
how science is organised to avoid 
such errors. 

So it is no surprise that the 
upcoming conference has 
attracted a number of high-profile 
experts on reproducibility. 

On the surface, identifying 
flawed studies “looks like a very 
good mission”, says Philipp 
Schmid at the University of 
Erfurt in Germany, who studies 
science denial. He isn’t attending 
the conference. 


Sustainability critics 


But he says there may be more 

to the NAS’s conference than 
that. “They use the findings from 
these areas to downplay climate 
change, which kind of shows 
that they have a specific agenda 
when writing their reports,” 

says Schmid. 

The NAS has published reports 
attacking sustainability initiatives, 
including campaigns seeking to 
persuade universities to divest 
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their fossil fuel investments. A 
2018 NAS report on reproducibility 
said that climate scientists seek 
to “demonize carbon dioxide”. 

NAS president Peter Wood 
says the world is warming, but 
“whether that is caused by human 
activity is a matter of significant 
dispute”. In fact, 97 per cent of 
climate scientists agree that 
human activity is responsible. 

Responding to the accusations 
about the conference, Wood said: 
“We have been critics of the 
sustainability movement, which 
is not the same thing as climate 
science by along stretch. The 
science and politics can and 
should be distinguished.” 

The NAS’s focus on 
reproducibility is significant, 
says Sven Ove Hansson at the 
Royal Institute of Technology 
in Sweden. “It seems to me to 
be anew tactic. The idea is to 
say, ‘Look here, the behavioural 
sciences have sometimes been 
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wrong, therefore the climate 
scientists are wrong just now in 
what they are saying’ he says. 
Climate change hasn’t been 
implicated in the reproducibility 


crisis, says Schmid. 


97% 


Climate scientists who say climate 
change is due to human activity 


— 


Solar power is a key 
part of sustainability 
initiatives 


Furthermore, the central 
findings of climate science have 
been replicated over and over, 
and data and models have been 
subjected to high levels of scrutiny. 

This leaves scientists witha 
question of whether to attend 
the conference and push back 
on these ideas. 

Daniele Fanelli at the London 
School of Economics plans to go. 
He argues that the reproducibility 
crisis is overblown because 
most fields of science are highly 
reproducible. Fanelli says he 
has “sought reassurance that my 
participation will not be taken as 
an endorsement of any political 
position or agenda”. 

Computational biologist Lenny 
Teytelman is CEO of protocols.io, 
a company that aims to make 
experiments more reproducible 
by standardising how data and 
methods are shared. Aware of the 
NAS’s history, “I tweeted a general 
warning against the conference 
and then emailed the individual 
speakers to alert them about the 
group’s background,’ he says. 

In response, Wood published 
an opinion piece in The Wall Street 
Journal accusing Teytelman of 
trying to stifle debate. Others 
have since weighed in on 
Teytelman’s side. 

“My view is that many of the 
speakers at this meeting are being 
played,” Dorothy Bishop at the 
University of Oxford argued on 
her blog. By attending, they are 
lending credibility to fringe 
views and to an essentially 
political group, she said. 

“Ifthe purpose ofa conference 
is not bona fide scientific, people 
whose names would add to the 
status of the conference shouldn't 
go there,” says Hansson. ff 
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News 


Health data 


Questions over NHS data deal 


An algorithm could track smartphone use to assess mental health 


Adam Vaughan 


AN ALGORITHM to predict which 
people may experience a mental 
health crisis has been trialled 

in the UK and found effective 
enough for routine use. A version 
that would track people’s mobile 
phone calls, messages and 
location in a bid to improve 
accuracy is now being considered. 

Birmingham and Solihull 
Mental Health NHS Foundation 
Trust worked with Alpha, a 
division of Spanish telecoms 
firm Telefonica, which owns O02, 
to see ifthere was any benefit 
in automatically flagging to NHS 
staff which people were thought 
to be most at risk of experiencing 
a mental health crisis. The results 
of the Predictive Analytics project, 
released under freedom of 
information rules, suggest that 
there is. 

The project ran between 
November 2018 and May 2019. 
Alpha developed a machine- 
learning algorithm fed with 
historical patient data to predict 
who could face an imminent crisis. 
Once a fortnight, staffon four 
community mental health teams 
in Birmingham were presented 
with what the system calculated 
were the 25 people most at risk 
of acrisis within the next 28 days. 

In some cases, healthcare 
professionals followed up with 
individuals by phone or face to 
face. Overall, the clinicians found 


the tool useful in about 64 per cent 2 


of the cases that were flagged. 
An evaluation of the project 
concluded that the tool “could 
become a part of routine clinical 
care”. That positive verdict could 
help the NHS trust and Alpha 
proceed with a mooted second 
phase of the research, where 
people’s mobile network data 


Can phone data hold 
clues to a person’s 


mental health? 
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would also be accessed ina bid 
to improve the algorithm. 

The team is examining whether 
such data could reduce the 
number of false positives, though 
how this would do it is unclear. 

It would involve Alpha having 
access to “call/message records 


“Informed consent is 
needed as using data 
in this way is very 
much in its infancy” 


and location details”, according 
to minutes ofa board meeting 
of Birmingham and Solihull 
Mental Health NHS Foundation 
Trust held last October. 

The project used five years’ 
worth of historical patient 
records and socio-economic 
data from the NHS trust. The 
information was pseudonymised, 
in which names are replaced by 
strings of letters and numbers. 

Mining the data unearthed 
22 indicators that the algorithm 
could use to judge if someone 
was at risk of an upcoming crisis, 
though details of those indicators 
are redacted in documents 


released by the trust. 

Staffwere generally positive 
about the project. “It highlights 
people that would otherwise, in 
my opinion, fall through the net 
and get lost in the system,” one 
said in the evaluation. 

However, there were issues too. 
Many of the people flagged by the 
system were already known to 
staffas being in a mental health 
crisis, because such events can 
last up to 28 days, which raised 
concerns that clinicians could 
become “dismissive” of the tool 
and “less inclined” to follow up 
people it flagged, said the report. 

The consent of patients under 
the care of the community mental 
health teams wasn’t sought, 
as the trust says it was advised 
by the UK’s Health Research 
Authority that it wasn’t needed. 

“Intervening early helps prevent 
people from experiencing a 
mental health crisis and also 
improves the chances of recovery, 
so the results of this pilot are 
interesting,” says Adrian James 
at the UK’s Royal College of 
Psychiatrists. “But much more 
research and evaluation with 


informed consent is needed as 
using data in this way is very much 
in its infancy.” 

Allen Frances, a US psychiatrist, 
is more sceptical. “Predictive tools 
of all sorts have been available for 
50 years, but have limited clinical 
or public health utility because 
they are so imprecise: identifying 
a great many people who don’t 
get into trouble, missing many 
who do,’ he says. 

Sam Smith at MedConfidential, 
a UK campaign group that 
requested the documents from 
the trust, urged the NHS trust to 
think carefully before allowing 
Alpha to combine people’s phone 
data with health records. 


Phase two 


A spokesperson for Birmingham 
and Solihull Mental Health 

NHS Foundation Trust says: 

“We envisage the algorithm could 
be used to enhance our existing 
care and risk management 
processes. It would enhance and 
not replace clinical judgement 
and decision-making.” The trust 
is still consulting with partners 
before making a decision on 
phase two, they added. 

In astatement, Alpha said: 
“The phase one results have 
demonstrated that the algorithm 
has high predictive power, and 
that most clinicians valued the 
extra insights provided by the 
algorithm to help inform their 
decision-making. However, the 
pilot study showed that there 
is more work to do to improve 
accuracy, with 7 per cent of 
clinicians disagreeing with 
predictions. 

“Phase two aims to improve 
the accuracy of the predictions 
by adding complementary data 
to the algorithm, however we 
have not yet made a final decision 
on how we would proceed.” I 
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News 


Ancient humans 


Neanderthals may have regularly 


climbed an active volcano 


Michael Marshall 


A SET of preserved footprints 
suggests that ancient humans 
often went scrambling on the 
steep slopes of an active volcano, 
even in the aftermath ofa major 
eruption. The identity ofthe 
hominins isn’t certain, but they 
may have been Neanderthals. 
The footprints can be found 
on the Roccamonfina volcano 
in southern Italy, which has been 
extinct for 50,000 years. Local 
people called them “devil’s trails”, 
saying only a supernatural being 
could walk such a dangerous path. 
In 2003, Paolo Mietto of the 
University of Padua in Italy and 


his team described the footprints. 


They were preserved in volcanic 
ash that erupted between 385,000 
and 325,000 years ago. 

At the time, 56 footprints were 


known. Later studies found more. 


The team has now found another 
14 footprints, bringing the total 
to 81 (Journal of Quaternary 
Science, doi.org/dkc6). At least 
five individuals made them. 

The first 67 footprints found 
were all heading downhill, but 
some of the new ones face uphill . 
This suggests hominins walked 


Childbirth 


Taking Viagra could 
prevent emergency 
caesarean sections 


TAKING Viagra during the very 
first stages of labour halves the 
need for an emergency caesarean, 
a clinical trial has found. 

During labour, contractions 
reduce blood flow to the placenta, 
meaning some babies don’t get 
enough oxygen. About one in four 
emergency caesarean operations 
are performed for this reason. 

“Most babies are able to 
tolerate this reduction in blood 
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Footprints on the 
Roccamonfina volcano 
in Italy head uphill 


up the volcano soon after a violent 
eruption made a pyroclastic flow: 
a lethal cloud of hot dust and gas. 
They were probably regular 
visitors, says Adolfo Panarello 
at the University of Cassino and 
Southern Lazio in Italy. In line 
with this, the hominins didn’t 
run, but walked at a relaxed speed. 
“There was always this 
question of whether humans 
were running away from the 


flow, but they may not be able 

to if, for example, the placenta 

isn't functioning properly or the 
contractions are just too frequent,” 
says Sailesh Kumar at the University 
of Queensland, Australia. 

Kumar and his colleagues 
wondered if the drug sildenafil, 
sold under the brand name Viagra, 
could help increase blood flow toa 
fetus in the same way that it boosts 
blood flow to the penis in men with 
erectile dysfunction. The drug works 
by widening the blood vessels. 

The researchers gave sildenafil 
to 150 women going into labour at 


Mater Mothers’ Hospital in Brisbane. 


volcano,” says Isabelle De Groote 
at Ghent University in Belgium. 
“There is at least one person that 
seems to be coming back.” 

She has studied the UK’s 


Happisburgh footprints, the oldest 
hominin footprints outside Africa. 
The Roccamonfina footprints 
stand out for all being made by 
adults, she says. “They must have 
been leaving the children behind 
and doing activities away from 
wherever they were living.” 

There are many possible 
reasons for the hominins to visit 
the volcano. Volcanic eruptions 


Another 150 women in early 
labour were given placebo pills. 
In the sildenafil group, 51 per cent 
fewer emergency caesareans were 
needed and there were 43 per cent 
fewer cases of irregular fetal heart 
rate - a sign that a fetus is in distress 
(American Journal of Obstetrics 
and Gynecology, doi.org/dkhj). 

The researchers are now planning 
a trial of more than 3000 women 
at 16 hospitals across Australia. 


“It is hard to predict who 


will have problems with 
fetal distress and need 
an emergency C-section” 


create fertile soil, so wildlife often 
thrives nearby. The team has also 
found two stone artefacts. One is a 
sharp tool, and the other is alump 
with signs of having had sharp 
flakes chipped off it. These imply 
that the volcano could have been 
a source of stone for making tools. 

“There could have been hot 
water from springs that they 
could have used for washing,” says 
De Groote. However, she says such 
ideas are purely speculative unless 
supporting evidence is found. 

As for the identity of the 
trackmakers, Panarello’s team says 
the size and shape of the prints 
match a hominin foot from Sima 
de los Huesos: the “pit of bones” 
in Atapuerca, northern Spain. 

In 2016, ancient DNA revealed 
that Sima hominins were probably 
Neanderthals, which implies 
that Neanderthals also made 
the Roccamonfina footprints. 
Still, Panarello is cautious about 
attributing them toa species. 

The same goes for De Groote. 
There are no footprints from Sima 
de los Huesos, she says, and no foot 
fossils from Roccamonfina, so it 
is hard to make a watertight case. ff 


They hope to confirm that 
sildenafil reduces fetal distress 
and emergency caesareans. 

If this results in better health 
outcomes for babies, sildenafil 
may be routinely prescribed when 
labour begins, since it is hard to 
predict who will have problems 
with fetal distress and need an 
emergency caesarean, says Kumar. 

Viagra may be particularly useful 
in lower to middle-income nations, 
where fetal distress is more likely 
to lead to unwanted outcomes. 
"This simple intervention could 
help to change that,” says Kumar. I 
Alice Klein 


Air quality 


New York City air 
pollution came from 
fires 4000 km away 


Michael Marshall 


SPIKES in air pollution in New York 
City have been traced to smoke 
from wildfires burning thousands 
of kilometres away. The finding 
suggests city residents will face 
many similar pollution episodes 

in the coming decades. 

“When people are making 
predictions about climate change, 
they're predicting increases in 
wildfires, so this sort of pollution 
is likely to become more common," 
lead author Haley Rogers at Yale 
University said in a statement. 

Rogers and her colleagues 
studied two spells of unusually 
severe air pollution in Connecticut 
and New York City on 16-17 and 
27-29 August 2018. There were 
high levels of three pollutants: 
carbon monoxide, a class of tiny 
particulate matter called PM2.5 
and black carbon - otherwise 
known as soot. 

The researchers studied satellite 
images to gauge how far the clouds 
of pollution spread. They then used 
a weather model to simulate wind 
patterns at the time and estimate 
where the pollution came from. 

The first cloud of pollution 
arrived from western Canada, where 
wildfires were burning several 
days earlier. The second came 
from wildfires in the south-eastern 
US (Atmospheric Chemistry and 
Physics, doi.org/dkdb). 

Air pollution from wildfires “is not 
a typical problem one would think 
about for New York City and the 
region”, says Drew Gentner, who 
worked with Rogers on the study. 

Air pollution can cause various 
health problems. But it isn’t yet 
possible to estimate the public 
health impact of the pollution that 
drifted to New York, says Gentner. 

Similarly, it is unclear what 
constitutes a minimum safe level of 
exposure for health. “The resulting 
health impacts from particulate 
matter exposure is a very active 
area of research,” he says. I 
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Analysis Climate change 


Make polluters pay for new trees A report from the UK's 
climate advisers urges big changes to get us to net zero - but 
they should be possible, says Adam Vaughan 


OIL companies and airlines should 
pay for a huge tree-planting drive 
to fight climate change as soon 
as next year, the UK government's 
climate advisers have urged. 

The proposal is one of the 
eye-catching ideas presented 
by the Committee on Climate 
Change (CCC) in a report on the 
big changes in farming and land 
use necessary for the UK to hit its 
2050 net-zero emissions target. 

The report calls for a fifth of 
farmland to be used to store 
carbon instead of producing food, 
arapid expansion of crops grown 
for energy, and measures to try to 
get the public to consume 20 per 
cent less beef, lamb and dairy. 

To meet the UK's net-zero 
target, emissions from land 
use will have to fall 64 per 
cent by 2050, equivalent to 
37 megatonnes of carbon 
dioxide. The rest of the emissions 
associated with land use will be 
offset elsewhere. Trees and 
forestry, which absorb carbon, 
could deliver around half the 
reduction. Land use, including 


More of the UK must be 
forested to help meet 
climate change targets 


agriculture, forestry and peatland, 
accounts for 12 per cent of the 
UK's greenhouse gas emissions. 
One of the committee's key 
proposals is turning 22 per cent of 
farmland over to other uses such 
as tree planting. The UK currently 
produces half its own food, so 
other changes would be needed 
to maintain this. The CCC thinks 
the answer is a big increase in 
agricultural productivity, which 
it argues is feasible as the UK 


64% 


The fall in emissions from UK 
land use needed to hit net zero 


already lags other countries on 
this, plus a shift in diets and an 
end to food waste. 

The way farmers work will 
need to change, too. That includes 
relatively simple ideas such as 
avoiding compacting soil, which 
can damage it, to more innovative 
ones, such as breeding cows to 
belch less methane. Many of the 
ideas are like those suggested 
by farmers. “It really is time we 
ended this adversarial discussion 
between climate and farming,” 
says Chris Stark at the CCC. 


Getting people to eat less meat 
and dairy may sound hard, but 
consumption of both is already 
falling in the UK. “This isn’t a 
revolutionary proposal,” says John 
Gummer, chair of the CCC. The 
public sector can lead by offering 
a daily vegan choice on menus, 
but by 2025, the government 
should consider stronger options 
to shape dietary choices, such 
as pricing, the group says. 

That could be a meat tax, 
something other researchers have 
said would save lives and money. 
For now, the CCC’s message is to 
eat less meat and choose local 
produce, as emissions from UK 
beef production are lower than 
in many other countries. 

However, the biggest push is in 
tree planting, something political 
parties tried to outbid each other 
on during the December general 
election. The CCC thinks that 
by 2024 there needs to be a 
minimum of 30,000 hectares of 
trees planted a year, equivalent to 
around 100 million trees a year. 

The area covered by trees 
would rise from 13 per cent of 
the UK now to 17 to 19 per cent 
by 2050. The cost is estimated at 
£500 million a year, to be paid for 
by alevy on polluters, with fossil 
fuel producers and the aviation 
industry named in the report. 

Dave Reay at the University 
of Edinburgh in the UK says the 
report is very well-researched and 
blunt in its message. “UK land use 
must change, and fast,” he says. 

The CCC says land-use change 
takes time, so action is needed 
urgently and the group wants 
many of its ideas adopted this 
year. Gummer says: “These are 
major changes and cannot be 
delivered just in the normal course 
of business. It really does require 
government action and that needs 
to be immediate. We are in a race 
against time.” Bf 
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News 


Genetics 


Virus genes seen invading animal 
genome and then being inherited 


Michael Le Page 


SOME mice have sequences in 
their genome froma virus that 
infected their fathers. We know 
that events like this must have 
happened many times in the 
ancient past, but this is the first 
time it has been observed in 
action. And it involved a virus 
that we thought couldn't do this. 

The finding means that even 
more of the DNA of animals 
derives from viruses than we 
thought, says Eiichi Hondo at 
Nagoya University in Japan. It also 
suggests that viral pandemics can 
alter the characteristics of animals 
by changing their genes, he says. 

“We believe that future 
pandemics of viral diseases could 
alter mammalian morphology or 
functions very quickly in their 
descendants,” say Hondo. 

The researchers studied the 
encephalomyocarditis virus 
(EMCV), which circulates in 
rodents but can infect a wide range 
of animals, including humans. 
They first showed that EMCV can 
integrate into the genome of testes 
cells of mice growing in a dish. 

Next, Hondo and his colleagues 
infected male mice with EMCV, 


Palaeontology 


Giant dinosaurs may 
have crossed water 
using just front feet 


SAUROPODS may have sometimes 
walked on just their two forelimbs, 
if their fossil footprints are to be 
believed. These dinosaurs were 

so huge they needed four pillar-like 
legs to support their bodies, but a 
set of three tracks appears to show 
only sauropod forefeet. 

James Farlow at Purdue 
University Fort Wayne, Indiana, and 
his colleagues have now analysed 
60 of these sauropod footprints in 
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then allowed those that survived 
to mate. They found signs of viral 
genetic sequences in the earlobes 
of the offspring, but not in those 
of the fathers. They are now 
sequencing the whole genome 
of the offspring to find out which 
viral sequences became integrated 
and where (bioRxiv, doi.org/dkhp). 
Viral genes passing down to 
offspring in the genome in this 
way was thought to happen only 


Computer-made image of 
RNA, the genetic material 
in many viral genomes 


a quarry near Austin, Texas, in 
rocks roughly 110 million years 
old (Ichnos, doi.org/dkdg). We know 
that three types of sauropods lived 
there at the time: Sauroposeidon, 
Astrophocaudia and Cedarosaurus. 
In theory, one of these species 
could have made the tracks. 

Some of the footprints are 
70 centimetres wide. It is hard 
to judge a dinosaur's size from its 
footprints, but estimates suggest 
these sauropods may have been 
25 metres or more in length and 
weighed 15 to 78 tonnes. 

It is inconceivable that beasts 
of this size and weight could 


every few hundred thousand 
years. But this isn’t the only reason 
the team’s findings are surprising. 

The EMCV virus shouldn’t 
readily integrate into the genome 
at all, says John Coffin at Tufts 
University School of Medicine in 
Massachusetts. This is because 
animal genomes consist of DNA, 
so only sequences that are also 
made of DNA can be added to it. 
However, the genomes of many 
viruses are made of RNA. 

One group, called retroviruses, 
gets around this by making 
enzymes that turn their RNA into 


walk on two legs, says Farlow. 

He says the dinosaurs may 
instead have had a centre of mass 
that lay closer to the front than 
the rear of their body. Walking over 
relatively firm ground, their forefeet 
might have left an impression in the 
surface while their hindfeet didn't. 

But in other sauropod trackways, 
the hindfeet leave prints as deep or 
deeper than the forefeet, he says. 

There is also a strangely wide 


“Sauropods may have 


avoided deep water 
as they may have been 
prone to tipping over” 


DNA so the virus can add its genes 
to the genome of a cell it infects, in 
order to hide for years. This is why 
HIV, which is a retrovirus, is so 
hard to eliminate from the body. 
It was thought that non- 
retroviral RNA viruses, including 
EMCV, couldn’t get into animals’ 
genomes. Then in 2010, Coffin and 
other researchers showed that 
genes from anon-retroviral RNA 
virus called a bornavirus were 
present in some mammals, such 
as people, rodents and elephants. 
But bornavirus replicates in the 
nucleus of cells, says Coffin, where 
there is a chance ofits RNA being 
turned into DNA and splicing into 
ahost genome. EMCV, by contrast, 
replicates outside the nucleus, 
so shouldn’t be integrated. 
Hondo says bits of DNA in 
mammals often resemble viral 
sequences. This is often dismissed 
as coincidence if those sequences 
are in viruses we didn’t think 
could invade genomes. His team 
plans to see what other non- 
retroviral RNA viruses — including 
Ebola and Zika—have genetic 
sequences that have been or could 
be passed to animals in this way. 8 


separation between a set of left and 
right prints, as if the sauropod’s legs 
splayed outwards. It is possible the 
“bipedal” tracks were left when the 
dinosaurs waded in shoulder-deep 
water, using their front legs to punt 
along the bottom, says Farlow. 

But Paul Barrett at the Natural 
History Museum in London says 
sauropods may have avoided 
deep water as they may have 
been prone to tipping over. 

“These animals would have been 
surprisingly light for their size, due 
to their large lungs and the many 
air sacs [in their] bones,” he says. I 
Colin Barras 
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Health 


Pregnancy may 
affect menopause 


WOMEN who have been pregnant 
or breastfed a baby are less likely 
to experience an early menopause. 
This may be because ovulation 
stops while pregnant and slows 
during breastfeeding, maintaining 
a reserve of eggs for longer. 
Several studies have suggested 
that having a baby might affect the 
timing of menopause, but most 
have required people to accurately 
recall when their menopause 
started. This isn’t always easy 
as periods can be erratic before 
menopause, which is usually only 
confirmed 12 months after periods 
stop, says Christine Langton at the 
University of Massachusetts. 
Instead, Langton and her team 
looked at health records in the 
Nurses’ Health Study II-a project 
that has asked volunteers for 
information every two years since 
1989. The researchers studied the 
pregnancy, breastfeeding and 
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menopause reports of 108,887 
people over a 26-year period. 

They found that people who 
had pregnancies that lasted at 
least six months had a lower risk 
of experiencing early menopause, 
defined as menopause before the 
age of 45, than those who hadn't. 

The link isn’t explained by 
infertility, says Langton. Her team 
accounted for this by removing 
people from the study sample who 
had reported that they were trying 
to conceive but hadn't. 

Breastfeeding was also linked 
to a lower risk of early menopause. 
People who breastfed for a total 
of seven to 12 months over their 
lifetime were 28 per cent less 
likely to experience menopause 
before the age of 45 than those 
who breastfed for less than a 
month. Those who exclusively 
breastfed for a total of seven to 
12 months over their lifetime 
and who had three pregnancies 
had a 32 per cent lower risk (AMA 
Network Open, doi.org/dkch). 
Jessica Hamzelou 
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Palaeontology 


Fungi were in the mix 
715 million years ago 


THE oldest confirmed fungi fossils 
have been identified in a Belgian 
museum, providing new evidence 
for how life on Earth evolved. 

The fossils are between 715 and 
810 million years old, making them 
more than 250 million years older 
than the previous confirmed record 
holder. Steeve Bonneville at the 
Free University of Brussels says the 
fossils had been in Belgium's Royal 
Museum for Central Africa for 
decades without anyone analysing 
them, having been originally 
discovered in what is now the 
Democratic Republic of the Congo. 

Bonneville and his team were 
initially unsure if the fossils, which 
are trapped between pieces of rock, 
were fungal or bacterial. The fossils 
are dark and characterised by 
networks of filaments. The key to 
determining their fungal origins was 


Medicine 


Cells growninalab 
make snake venom 


SNAKE glands have for the first 
time been grown in the lab as tiny 
balls of cells called organoids that 
become filled with venom. It 
might mean the end of “milking” 
snakes for their venom by hand 
to produce treatments for bites. 
The small clumps of cells, just 
1 millimetre across, could also be 
used for turning the biochemicals 
in venom into medicines because 
they have powerful effects on the 


to find out if these networks are 
made of chitin, a polymer that is 
in the cell walls of all fungi but not 
in those of bacteria. 

By using powerful microscopy 
to identify the presence of chitin, 
the researchers were able to show 
beyond reasonable doubt that 
these fossils are fungal (Science 
Advances, doi.org/ggjdbk). 

The discovery sheds light on 
early life. Fungi were always 
suspected to be partners of the 
first plants to colonise the planet, 
says Bonneville, but previously 
confirmed fungi fossils were too 
young to support this idea. 

Jonathan Leake at the University 
of Sheffield, UK, says he believes 
that even older fungi fossils have 
been discovered but haven't yet 
been chemically confirmed to be 
fungi. Jason Arunn Murugesu 


body, says Hans Clevers of Utrecht 
University in the Netherlands. 

His team created the organoids 
by taking tiny clumps of gland 
tissue either from snake embryos 
inside eggs or, in one case, froma 
pet snake that had to be put down 
due to illness (Cell, doi.org/dkb6). 

Antivenom is currently made 
by keeping snakes in captivity and 
extracting their venom. This is 
injected in low doses into horses, 
which make antibodies that can 
be taken from their blood. 

Being able to make venom in 
the lab would cut out the snake 
farming part of the process. It is 
labour intensive, so only a few 
kinds of snakes are kept in this 
way, meaning we don’t have 
antidotes for many snakebites. 

In the longer term, antibodies 
to lab-produced venom could be 
made by immune cells grown in 
a dish, avoiding all use of animals. 

Several drugs for people have 
also come from research on 
venom, and the hope is such work 
could be expanded. Clare Wilson 


LEEDS TEACHING HOSPITALS/LEEDS MUSEUMS AND GALLERIES 


Really brief 


Ancient mummy 
speaks again 


The voice of Nesyamun, a 
mummified Egyptian priest 
who lived more than 3000 
years ago during the reign 
of Ramses XI, has been 
recreated. David Howard at 
Royal Holloway, University 
of London, and his team 
reconstructed Nesyamun’s 
vocal tract and were able to 
produce a sound resembling 
a brief groan (Scientific 
Reports, doi.org/dkbr). 


Severed nerves 
regrownin tubes 


Connecting the ends of a 
severed nerve to a small 
tube filled with growth 
protein helps it regrow. 
Macaques with severed 
nerves regained far more 
gripping ability when the 
tubes were filled with the 
protein than with empty 
tubes (Science Translational 
Medicine, doi.org/dkbn). 


Antiviral skin cream 
for mosquito bites 


Acream containing a drug 
used to treat genital warts 
stopped mice succumbing 
to mosquito-borne viruses. 
Applied to a mosquito bite, 
it boosts the skin's immune 
response at the site of the 
bite. If it works in people, it 
could help fight diseases 
like Zika and chikungunya 
(Science Translational 
Medicine, doi.org/dkbm). 
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Microbiology 


Drug-resistance 
DNA Iurking in dust 


GENES that make bacteria 
resistant to antibiotics have been 
found in dust in buildings ina 
form that could be passed to 
disease-causing microbes. 

This suggests that in buildings 
with pathogenic bacteria where 
people are taking antibiotics, there 
could, in theory, be a higher risk of 
getting a so-called “superbug”. 

Antibiotic resistance is seen as 
one of the biggest global threats to 
public health, as growing numbers 


Mathematics 
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of dangerous bacteria have 
evolved the ability to withstand 
antibiotic treatment. 

Previously, resistant bacteria 
have been found in dust — but it 
is unclear how dangerous this is, 
as most bacteria that can survive 
the dry conditions of dust are 
harmless to people. 

However, Erica Hartmann 
at Northwestern University 
in Illinois and her colleagues 
wondered whether the antibiotic 
resistance genes in the bacteria in 
dust could get passed to microbes 
that are more dangerous. Bacteria 
often share genes by swapping 


Formula for an optimum cup 
of coffee could save billions 


AMORE efficient way of making an 
espresso could cut the amount of 
coffee beans used per cup, possibly 
saving billions of dollars a year. 
Baristas often say a fine grind 
is best for espresso machines as it 
maximises the surface area of the 
coffee. Jamie Foster at the University 
of Portsmouth, UK, and his team 
decided to see if this was true. 
They created a mathematical 
model of the “basket” of an 
espresso machine, into which the 
coffee is put. Initial calculations 
were based on a single coffee 
particle in this cylindrical container. 
They then scaled this up for an 
entire basket’s worth of coffee in 


order to get an averaged description 


at the level of the whole basket. 

Foster and his team found their 
model showed that using slightly 
coarser ground coffee resulted in 
better mixing. This was because 
coarser coffee ensured no part of 
the basket became clogged, and 
this ultimately resulted in a higher 
extraction of coffee compounds 
for the same amount of beans 
used (Matter, doi.org/ggjb4r). 

A small coffee shop in Oregon 
tried this method and found it saved 
$0.13 per drink, or $3620 a year. 
“If everyone did this, it would save 
the industry billions of dollars,” 
says Foster. JAM 


small bits of DNA called plasmids. 
The researchers looked at 
dust samples from 43 public 
buildings. Over a quarter of the 
resistance genes they found 
were on plasmids or other 
transferable forms of DNA 
(PLoS Pathogens, doi.org/dkcm). 
Ifa home were contaminated 
with a bacterium such as the food 
poisoning microbe salmonella, 
this raises the possibility that the 
microorganism could become 
more dangerous, says Hartmann. 
“Tt’s possible that something that 
would make you sick could pick up 
an antibiotic resistance gene.” CW 


Space 


We may know what 
led to odd star blast 


THE mystery ofa strange 
exploding star could be solved. 
When supernova SN 2006gy was 
found in 2006, it was the brightest 
seen, puzzling astronomers. Now, 
they may have a solution. 

The supernova was 100 times 
brighter than any other, says 
Anders Jerkstrand at the Max 
Planck Institute for Astrophysics 
in Germany. And its spectrum 
was odd, hinting at the presence 
ofan unidentified substance. 

By looking at how different 
atoms emit light, Jerkstrand and 
his team have now found that the 
explosion must have contained a 
lot of iron. The sort of supernova 
that creates a lot ofiron is a type la, 
but they are usually 100 times 
dimmer than SN 2006gy. The best 
way the researchers found to make 
a type Ia supernova so bright is for 
it to hit a cloud of material as it 
explodes, converting the blast’s 
kinetic energy into light. 

The scenario they determined 
best matches SN 2006gy starts 
with a pair of stars orbiting one 
another in a shared gas cloud. 

As the stars get closer, the gas is 
blown off, creating a cloud around 
them. When the stars collide, they 
blow up and the blast crashes into 
that cloud, creating extra light 
(Science, doi.org/dkc5). Leah Crane 
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News Insight 


Politics 


Brexitis only beginning 


The UK is finally set to leave the European Union, but big questions 
on science, health and the environment remain, says Adam Vaughan 


THE slogan may be “get Brexit 
done”, but the reality is that big 
questions remain unanswered 
over what will happen once the 
UK leaves the European Union 
on 31 January. 

The official departure date 
starts the clock on an 11-month 
transition period during which 
the UK must follow most of the 
EU’s laws while negotiating a 
future trade deal. Ifthere is no 
agreement by the end of the year, 
there could be big consequences 
for science, energy and more. 

There is certainly a lot to get 
through, and little time. Noises 
from both sides suggest they 
are planning to leave four to 
six months for the remaining 
27 EU member states to ratify 
the agreement. That means 
negotiations need to be completed 
as early as July for certain issues. 


CLIMATE CHANGE 


The Uk’s current commitment 
under the Paris climate agreement 
was jointly submitted with the 
EU. That means a new, UK-only 
plan for carbon cuts will need to 
be sent to the United Nations — 
something sources say could 
happen within weeks. 

Brexit will make it harder for 
the EU to meet its 2030 carbon 
targets because the UK has 
performed better than many of 
its European peers on emissions 
cuts in recent years. Its exit will 
reduce average EU efforts. 

Until the year’s end, the UK will 
remain part of the EU’s flagship 
climate policy, the Emissions 
Trading System (ETS), in which 
11,000 power stations and 
industrial facilities trade carbon 
permits that aim to drive down 
emissions by incentivising 
greener options. 

The most likely outcome is that 
the UK quits the ETS at the end of 
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the year. It will then impose either a 
carbon tax or its own carbon 
market. In the longer term, a UK 
market may link up to the EU one. 
The UK will be cut offfrom 
EU funds that have supported 
green energy projects, including 
the European Investment Bank. 
EU regional development funds 
have also backed UK green 
projects, such as a geothermal 
scheme in Cornwall. Without UK 
funding to fill the gap - something 
the government has hinted may 
come in March in its annual 
budget —low-carbon investment 
could suffer, says Shane 
Tomlinson at E3G, a UK-based 
environmental think tank. 


FISHING 


When politicians led a flotilla 

of boats down the river Thames 
ahead of the 2016 EU referendum, 
pro-leave campaigners promised 
the UK’s fishing industry a 
brighter future. The reality is less 
straightforward, and will hinge 


on how the broader EU-UK trade 
negotiations play out. 

A new fishing agreement is one 
of the first post-Brexit deadlines 
that will arrive this year, as the 
UKand EU have set a date of 1 July 
fora deal. Any agreement will 
take effect from next year, when 
the UK leaves the EU’s Common 


L 


Number of months that may be set 
aside to ratify a new UK-EU deal 


Fisheries Policy and becomes an 
“independent coastal state”. The 
deal will dictate what, where and 
how vessels from the UK and the 
27 EU states can fish. 

The EU will be seeking 
continued access to UK waters, 
which is no surprise given that 
Spain has the largest fishing 
fleet in Europe and France the 
third biggest — the UK is second. 
Observers think the most likely 


The UK is leaving the 
EU, but the extent of the 
divide remains to be seen 


outcome in negotiations is that, 
although the UK will have “taken 
back control” ofits waters, EU 
boats will still be allowed in, and 
vice versa. “I would imagine there 
would be some sort of reciprocal 
access,’ says Ali Plummer at 
environmental charity the RSPB. 
The UK will also be consulted at 
the annual bun fight in December 
at which fishing quotas dictating 
how much can be caught in 2021 
will be divvied up among EU 
states. The UK government is 
expected to lay a fisheries bill 
in Parliament by mid-February, 
which will give a clearer sign of 
what direction it will take. 


ENVIRONMENT 


UK chancellor Sajid Javid 
recently said firms shouldn’t 
expect alignment with EU 
regulations following the 
transition period, which could 
have a big environmental effect. 

For example, it could attract 
more firms that make fossil 
fuel-powered cars to the UK, 
while electric vehicles are built 
elsewhere. The European 
Commission also fears some of 
the exemptions the EU granted 
to the UK’s dirtiest power stations 
could be extended for longer by 
the UK if it chooses to diverge. 

The UK government has been 
at pains to rule out any backsliding 
on environmental legislation. 
But although the UK is bringing 
forward an environment bill 
that will transpose EU legislation 
on issues such as water and air 
quality into UK law, it will not 
carry over many ofthe green 
principles in EU legislation, such 
as the precautionary principle 
and polluter pays principle. 
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“That’s a really massive change 
in the way we do things,” says 
Josh Emden at UK think tank the 
Institute for Public Policy Research 
(IPPR). The concern is that the UK 
could move to a more risk-based 
approach to environmental 
protections that might be 
more susceptible to lobbying 
by industry, he says. 


ENERGY 


Whether the UK stays in the 

EU’s internal energy market will 
have implications for energy costs 
and the price of decarbonising 
electricity supplies. Membership 
makes it easier to trade electricity 
via the five UK-EU interconnectors: 
the giant undersea power cables 
that account for a tenth of UK 
electricity supplies and growing. 
It isn’t yet clear if membership 
will feature in a trade deal or 
cooperation talks. 

The UK is also leaving the 
Euratom nuclear treaty, but 
intends to be associated with 
the scheme. That means nuclear 
materials, such as fuel for power 
plants and isotopes for medical 
use, can still cross borders. It 


Green energy supplies 
may be hit when the 
UK exits the EU 


would also see the continued joint 
UK-EU funding of the £60 million- 
a-year JET fusion power project in 
Culham, Oxfordshire, UK, which is 
funded to the end of 2020. The UK 
currently pays around £7.5 million 
of this, with the EU making up 
the rest, but that may change. 
Ifthere is a failure to agree an 
association — seen as unlikely—UK 
firms and universities may also 
find themselves frozen out of 
winning contracts at ITER, the 
huge fusion power facility being 
built in south France. 


FARMING 


Subsidies paid to farmers will 
change. Those given under the 
EU’s scheme are largely tied to 
how much land farmers own, 
with a smaller pot of subsidies 
linked to environmental 
actions such as the stewardship 
of natural resources and 
combating climate change. 

Post-Brexit, under the new 
agriculture bill now progressing 
through Parliament, there will be 
no payments just for owning land. 
Instead, farmers will receive 
subsidies for the “public goods” 
they deliver, such as better water 
quality and helping the UK hit 
its net-zero emissions target. 
This change could be positive, 
says Emden, but it could also 
prove challenging. For instance, 
it would be hard to reward farmers 
for improving soil health because 
there is no reliable baseline to 
compare against, he says. 

While environment secretary 
Theresa Villiers recently said food 
standards wouldn’t be diluted, 
Emden says farmers are nervous. 
Emily Lydgate at the University 
of Sussex, UK, says the new 
agriculture bill does nothing to 
address worries about food safety 
standards. She is concerned that 
any sign the UK is pivoting away 


from EU standards and towards 
US ones-—such as over totemic 
issues like chlorine washing 

of chicken -— could also expose 
rifts within the UK’s nations. 


“The UK government 


has been at pains to rule 
out any backsliding on 
environmental legislation” 


Lydgate cites the US desire 
to reform the UK’s approach to 
approving pesticides, something 
the UK government might accede 
to, but Scotland could oppose. 
More broadly, any shift towards 
US standards would probably 
lead to increased deregulation, 
says Tomlinson. 


SCIENCE AND MEDICINE 


Life sciences are among the many 
sectors exposed to the prospect 
of the UK no longer being aligned 
with EU regulations. 

The IPPR says pharmaceutical 
firms need to get their drugs 
approved by European medical 
agencies in order to sellthem 
in the EU, so any regulatory 
divergence could make exports 
from the UK harder. That, in turn, 
would make the UK look less 
attractive when drug-makers 
choose where to operate. 

Like many areas of science, the 
life sciences rely on freedom of 
movement, which is due to end 
after the transition period. Nobel 
prizewinner Paul Nurse warned 
last year: “If we turn our back on 
the rest of the world, our world 
talent will turn its back on us.” 

In response to such concerns, 
the government announced 
this week that, from 20 February, 
scientists, mathematicians and 
researchers will be able to apply 
for a fast-track visa scheme, with 
no limit on the number of people 
able to come to the UK. I 
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Working 
hypothesis 


Sorting the week's 
supernovae from 
the absolute zeros 


4 Boarding flights 
An analysis has found that 
boarding slower-moving 
passengers first speeds 
things up - leaving more 
time to feel guilty about 
carbon emissions. 


4 Dark matter 
Astronauts on the 
International Space 
Station have fixed a dark 
matter detector that has 
been broken for six years. 
Maybe that’s why we 
haven't spotted any? 


Vv Jeff Bezos 

The billionaire Amazon 
CEO allegedly had his 
phone hacked by crown 
prince Mohammed bin 
Salman of Saudia Arabia. 


Vv Satellites 

Ageing batteries area 
pain, especially in space. 
Satellite firm DirecTV has 
moved one of its craft to 
avoid a battery explosion 
taking out other satellites. 


v Doomsday 
Scientists say that nuclear 
war and climate change 
mean the world is now 
closer to ending than 

ever before. Figures. 
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Face up to reality 


Banning face recognition tech in public is pointless —it would only halt 
a tiny fraction of its use. Better to regulate it and fast, says Donna Lu 


ALLS to halt the use of face 
é recognition technology 

are growing louder, but 
it is already too late. Given its 
widespread uptake by tech 
companies and the police, 
including London’s Metropolitan 
Police as of last week, a permanent 
roll back is impossible. 

The latest talk ofa ban came 
with reports the European 
Commission is considering 
temporarily barring use of the 
technology in public spaces. The 
proposed hiatus of up to five years, 
according to papers obtained by 
news site Politico, would aim to 
give politicians in Europe time to 
develop measures to mitigate the 
potential risks of face recognition 


systems. Some US cities, such as 
San Francisco, are already mulling 
or have enacted bans. 


But these prohibitions are so 
limited that they are hardly bans 
at all. For one, public areas make 
up a fraction ofthe physical spaces 
we inhabit. What about the many 
that are privately owned, such as 
shops, schools and museums, in 
which face recognition is steadily 
being rolled out, sometimes 
without our knowledge? 

While most of us associate face 
recognition with CCTV cameras, it 
is advancing in the online realm 
too, beyond the scope of such 
bans. Facebook, for example, runs 
face recognition algorithms on 
users’ photos to automatically 


identify them in other images 
on the site, which for years 
functioned on an opt-out basis. 
Russian search engine Yandex has 
a sophisticated search function 
that, given one image ofa face, 
can find pictures online of the 
same person even in different 
poses and lighting conditions. 
Clearview AI, a face recognition 
firm used by law enforcement in 
the US, is similar. Uploading a 
person’s picture to its platform 
turns up photo matches of that 
person that have appeared 
publicly on other websites. 
Potential abuses of the 
technology are spurring a lot 
of the backlash against it. It has 
already become a tool for mass 


Culture columnist 
Chelsea Whyte revels 
in space tourism 
comedy Avenue 5 p32 


Donna Luis areporter at 
New Scientist @donnadlu 


surveillance, as in the case of 
ethnic profiling of Vighurs in 
China’s Xinjiang province. 

Other concerns relate to the 
fact that the technology is flawed. 
An independent analysis of a face 
recognition trial by London’s 
Metropolitan Police found 
that 81 per cent of matches the 
system flagged to a watch list 
of suspects were erroneous. 

And it is even less accurate for 
some ethnic minorities, which 
compounds the risk that use 
of these systems will entrench 
or exacerbate racial biases. 

So what to do? Given both the 
rate at which the technology is 
developing and its ubiquity, a ban 
on its use in public spaces would 
be too little, too late. What face 
recognition needs is regulation. 

Sundar Pichai, the CEO of 
Google’s parent company, 
Alphabet, recently called for the 
EU to regulate AI. “Companies 
such as ours cannot just build 
promising new technology and 
let market forces decide how it will 
be used,” he wrote in the Financial 
Times newspaper. This applies to 
face recognition too. 

A strict set of rules on when 
and how it can be used needs 
to be decided quickly. Face 
recognition technology is 
here to stay; implementing 
a temporary ban would be 
the regulatory equivalent of 
burying our faces in the sand. ff 
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Views Columnist 


Chanda Prescod-Weinstein 

is an assistant professor of 
physics and astronomy, and 
acore faculty member in 
women's studies at the 
University of New Hampshire. 
Her research in theoretical 
physics focuses on cosmology, 
neutron stars and particles 
beyond the standard model 


Chanda’s week 


What I’m reading 

I'm so pleased I picked up 
Alicia Elliott’s powerful 
memoir A Mind Spread 
Out on the Ground. 


What I’m watching 
The Bachelor has 
returned and, yes, 
Iam watching it. 


What I’m working on 
Ijust hired anew 
postdoctoral researcher 
for my group, and I’m 
happy to be making plans 
for new projects with him. 


This column appears 
monthly. Up next week: 
Graham Lawton 
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Field notes from space-time 


How to see the Milky Way Working out what our galaxy looks 
like is akin to solving a murder mystery — good sleuthing is needed 
to combine all of the clues, writes Chanda Prescod-Weinstein 


LL of the students in my 
astrophysics class last 
semester had to give a final 


presentation. In one, astudent 
showed everyone an image of our 
galaxy, the Milky Way, as viewed 
from Earth. The student then 
showed another image ofa spiral 
galaxy, suggesting that it reflected 
our own. Because it was a class 
focused on stars — the students 
are taking on galaxies this 
semester —a question came from 
the audience: how can we geta 
picture of the whole Milky Way 

if we are inside it? We can’t. 

In this sense, astrophysics 
is like a Midsomer mystery. 

There is alot happening, and 
some of it is relevant to questions 
you might have and some of it 

is a distraction. Also, just as with 
all ofthe murders in England’s 
fictional most deadly county, 

to understand what happened, 
you can’t simply reconstruct the 
events and watch them happen. 

Instead, it is necessary to 
piece things together using the 
information available. This is in 
stark contrast to experimental 
sciences, where it is possible to 
do an experiment multiple times 
to make sure you know what 
happened and where you can 
control the circumstances of 
the physical phenomena you 
are studying. 

In astrophysics, we have no 
control over what we see. We can’t 
even leave our own galaxy to geta 
good lookat it. But we can deduce 
some things. First, we know from 
looking around that galaxies take 
on only a few different shapes. 
Almost all galaxies we observe 
are either spiral, elliptical or 
something between the two, 
known as lenticular. There 
are also abnormal galaxies, 
but these are rarer. 

To figure out what kind of 
galaxy we live in and what it looks 


like, we use circumstantial 
evidence. When we see pictures of 
the Milky Way, we are seeing only 
part of it, from inside it but near 
the edge. If you have ever had the 
chance to go somewhere that 
recognises the sanctity of dark 
skies, on a clear night you would 
have seen a band of bright dots 
that seem closer together as you 
get to the centre of the line. 

We see the Milky Way like this 
not because our galaxy is a line but 
because we are looking at it from 
the side, rather than the top. This 
is alot like looking at a fancy plate 
edge on: it looks almost like a line 
and you can only see the textures 
that the potter put on the side. 


“Figuring out galaxy 


structure is one of 
the most exciting 
questions if you 
wonder how the 
universe works” 


You can’t really see whatever 
colourful flourishes they put 
on the surface of the plate. 
However, we can measure how 
fast some of those stars are 
moving, and the speeds in the 
Milk Way —assuming the 
presence of dark matter-—are 
consistent with a spiral galaxy. 

Instead of actual pictures 
of the Milky Way, what we have 
are images of galaxies that we 
think are very similar to ours. 
For example, we spend a lot of 
time studying the Andromeda 
galaxy because it is the large 
spiral galaxy closest to us, and 
its proximity means that we 
can get good images of it. The 
question, of course, is how do 
we knowit is at all like ours? 

As I said, itis a detective-like 
effort. It would be easy for me 
to say, as atheorist who thinks 
about fundamental physics, that 


understanding the structure of 
galaxies is somewhat simpler 
than trying to figure out 

dark matter—the missing matter 
problem — and dark energy, the 
cosmic acceleration problem. 

Although we are used to 
thinking of galaxies as bright 
collections of stars and dust, 
they are actually mostly 
collections of dark matter with 
a smattering of stars and dust 
inside. This is because, as I have 
mentioned in previous columns, 
dark matter makes up the 
majority of the matter in the 
universe. It is also the case that 
the phenomenon of cosmic 
acceleration, whereby the 
expansion of space-time is 
accelerating, changes the 
cosmological timeline for how 
galaxies form and cluster together. 

In reality, figuring out galaxy 
structure, and how it is affected 
by dark matter, is one of the most 
exciting questions to face those 
of us who wonder about how the 
universe works on large scales. 

There are still many questions 
about the Milky Way that remain 
unanswered. For example, 
we know it has small satellite 
galaxies: almost 60 of them. 
Two have names that you 
may have heard before because 
they are visible with the naked 
eye: the Large Magellanic 
Cloud and the Small Magellanic 
Cloud. You might wonder 
why the number is about 60. 

So do astrophysicists. 

In fact, Ihave a PhD student 
doing work that seeks to address 
exactly this question. We don’t 
understand the formation history 
of the Milky Way and its dwarf 
galaxy satellites, collectively 
known as the Milky Way 
subgroup. In other words, you 
don’t have to go far in the universe 
before you run into some of its 
biggest cosmological questions. ! 
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Explore dark & frozen 
matter: CERN & Mont Blanc 


Particle physicist Dr Darren Price and science journalist Laura Spinney will lead a fascinating 
and insightful tour focusing on CERN, home to the famous Large Hadron Collider, and Mont 
Blanc to investigate receding glaciers. Fall in love with the charming lakeside city of Geneva, 
famous for its watch-making, high quality chocolate and enchanting old town. 


The stunning botanical gardens 

Visit the beautiful small town of 
Chamonix and then on to Mer de Glace 
to witness an ice cave carved into the 


Evening talks and walking seminars with 
Dr Darren Price and Laura Spinney 

CERN guided tour to learn about the 
groundbreaking work being carried out 
Walking tour of Geneva’s old town centre 
and beautiful cruise on Lake Geneva 
Cable-car trip to the top of the Auguille du 
Midi overlooking Mont Blanc 


glacier itself 

Trip to Geneva’s Museum of the History 
of Science, which features astronomy, 
microscopy and meteorology exhibits 


No single supplements for the first two solo travellers on each departure. 
There are only 22 places available per tour, which are expected to fill up very quickly. 


Please enquire early to secure your place. 


To book call +44 207 593 2284 


(UK office: Mon-Fri gam to 6pm, Sat gam to 4pm GMT) 
Or email ltour 


I" 


Departing: 


6 days for £2,699 (approx $3,429) 


In partnership with Kirker Holidays 


Kirker @a8ta git @ 


Views Your letters 


Editor’s pick 


We need a unit of personal 
environmental impact 
Leader, 18 January 
From Alain Williams, 
Watford, Hertfordshire, UK 
You call for clear-headed 
assessment of schemes to reduce 
our impact on the natural world. 
We also need a new unit for anew 
measure of the environmental cost 
to the planet of a person in a year. 
The point would be to allow us to 
compare individuals: people who 
have acted to reduce their footprint, 
people with different lifestyles - 
jet-setters, vegans, commuters - 
and people in different countries. 
This measure should account 
for use of energy, water, plastics, 
metals and so on. While the formula 
to calculate it might be subject to 
disagreement, at the moment we 
have many types of measure of 
impact, which confuses many and 
makes it hard to compare people. 
The name of the unit? I propose 
a Thunberg. We could say that the 
average European is 14 Thunbergs, 
the average African 3, and so on. 


The benefits of cooking 
lessons and rough grazing 


4 January, p 32 

From Christine Granville-Edge, 
Flaxby, North Yorkshire, UK 
Thank you for reporting your 
experiment with going vegan. 

I suspect one of the main issues 
that puts people offtrying this is 
that basic nutrition and cooking 
skills are no longer taught a lot 
in UK schools. This is a reason, 
alongside time limitations, for 
people falling back onto ready 
meals and processed food. 

The ability to think sideways 
about how to achieve flavour, 
visual appeal anda balanced meal 
comes easier to those with varied 
cooking skills. Working in a health 
food shop, lam continually 
surprised, and often appalled, 
by people asking how to cook 
vegetables, or to get their children 
to eat them in the first place. 
People who haven't grown up 
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THOSE ZOOLOGISTS ARE GOING TO 
BE SO EMBARRASSED WHEN THEY 
REALISE THEY'RE DISPLAYING A 
CASE OF SMALL MAMMALS IN THE 
LARGE REPTILES DEPARTMENT! 


with one or both parents cooking 
from scratch will find creating 
vegan food much harder than 
those who have had to cater for 
themselves, in spite of the best 
efforts of popular television cooks. 

That said, it is getting easier to 
create tasty, nutritious vegan food 
from produce available in major 
supermarkets and independent 
health food shops. 


From Sandy Henderson, 

Dunblane, Stirling, UK 

You might think that as a livestock 
farmer I would resent vegans 
claiming that my way of life is 
unethical, and you would be right. 
You quote Michael Clark saying 
that eating animals fed on plants 
must be less efficient than people 
eating plants. This ignores the fact 
that many herbivores can, and do, 
get much more feed value out of 
plants than people. What’s more, 
much of the north and west ofthe 
UK and Ireland can only be farmed 
practically using grazing animals. 


The editor writes: 

Much of the world’s beef is now 
produced in intensive feedlots — 
pens without pasture. This may 
have a lower carbon footprint than 


pasture-fed beef. We suspect that 
most of that is done on fertile land, 
not rough grazing. It is even harder 
to find figures for other meats. We 
note that in the UK, upland sheep 
production is only marginally 
viable even with EU subsidies. 


You will always get 
less than you ask for 


Letters, 2 November 2019 

From Klara Ertl, 

Amsterdam, the Netherlands 
Extinction Rebellion’s demands 
are unrealistic, says Mike Clarke. 
Ithink they are deliberately so. 

In persuasion psychology there 

are two common techniques 
called the “foot-in-the-door” 
and the “door-in-the-face”. The 
first of these involves asking fora 
small favour to later ask a larger 
one, referring to earlier deeds or 
promises. This is very common 
when asking for donations: 
“You are such a generous person, 
having bought many of our gifts 
in the past to support children in 
need. Would you now considera 
monthly donation?” 

The second involves asking for 
something large, knowing that it 
won't be granted, and then asking 


for something small, trusting that 
you will get a concession in return: 
“Mum, I want a horse.” “No way.” 
“Can I just have a hamster, then?” 
Extinction Rebellion uses both 
strategies. When governments 
declare a climate emergency, 
activists use this to demand action 
consistent with that declaration. 
They will insist on carbon 
neutrality by 2025 in order to have 
more chance of it by, say, 2050. 


The world dodged a bullet 
with the Montreal protocol 


30 November 2019, p 7 

From Birger Johansson, 

Umeda, Sweden 

The UN Environment Programme 
has defined the huge scale of the 
task of limiting temperature rise 
to 1.5°C, reports Adam Vaughan. 
But things could be worse. 

In recent research, Rishav Goyal 
and his colleagues showed that the 
world dodged a bullet when the 
1987 Montreal protocol to protect 
the ozone layer was agreed, 
phasing out chlorofluorocarbons 
(CFCs) (Environmental Research 
Letters, doi.org/djjd). CFCs are 
very potent greenhouse gases, as 
well as ozone destroyers. Their 


study shows that climate change 
would be catastrophic rather than 
merely panic-inducing if they had 
continued to be produced. 


I can’t prove that there are 
other consciousnesses 


Letters, 4 January 

From Anthony Burns, 

Banbury, Oxfordshire, UK 

Sam Edge suggests that the only 
way to rule out whether computers 
could have consciousness as we 
would experience it, is to fall back 
on dualism — which, he says, is a 
faith-based belief, not amenable 

to any scientific enquiry. 

A dualistic approach isn’t 
necessarily either faith-based 
or unscientific. And it isn’t 
necessarily wrong. 

Ihave no doubt that I exist as 
a consciously aware being, but I 
can’t prove that any other person 
or creature has awareness similar 
to my own. I see them as other 
entities, similar to myselfin 
external characteristics and 
behaviour, but not having 
my awareness. 

It is conceivable that there 
may only be one observer in the 
universe. This is dualistic, but 
not necessarily faith-based. 


A first-class way to reduce 
airline carbon emissions 
11 January, p18 

From Stewart Reddaway, 
Ashwell, Hertfordshire, UK 
What can the aviation industry 
do to reduce emissions? One 
way to significantly cut carbon 
dioxide per passenger is to 
reduce the number of premium 
seats per plane. 

On long-haul flights, each first 
class seat takes about five times as 
much cabin area as an economy 
seat, anda business class seat 
about three times. Some planes 
are configured with fewer than 


halfas many seats as an all- 
economy configuration. If many 
premium passengers trade down 
to lower class seats, airlines will 
configure their planes for more 
economy seats. A plane’s fuel use 
is related to distance flown and its 
take-off weight, the vast majority 
of which is the aircraft plus fuel, 
not passengers. 


We need a better name 
for these artificial gizmos 


14 December 2019, p16 

From Crispin Piney, 

Mougins, France 

Your report on artificial 
intelligence helping tackle one 

of the biggest unsolved problems 
in maths is the latest of an 
increasing number on what seem 
to be Al’s opaque capabilities. 

These have got me thinking 
about the name of this technology, 
although it is probably too late 
to change it. These systems are 
certainly artificial: but how 
would you characterise a natural 
intelligence that very often makes 
the correct decisions but can’t tell 
you why? You might find a person 
who claimed that annoying. 

In people, we call the ability to 
make correct decisions without 
understanding why “intuition”. 

Al should actually stand for 
Artificial Intuition: a great support 
for human intelligence, but 
certainly not a replacement. ! 


For the record 


i The eruption of the Taal volcano 
in the Philippines isn't yet large 
enough to produce measurable 
global cooling (18 January, p 5). 

! Braden Tierney and colleagues 
looked at 13 conditions and found 
that a person's microbiome was a 
better predictor of 12 of them than 
their genetics (18 January, p 6). 

! Silkworms will apparently eat 
most mulberries (11 January, p 31). 


Want to get in touch? 

Send letters to New Scientist, 25 Bedford Street, London 
WC2E 9ES or letters@newscientist.com; see terms at 
newscientist.com/letters 


Views From the archives 


30 years ago, New Scientist 
paid tribute to Véronique Le Guen, 
record-breaking caver 


ON 27 January 1990, we 
reported that Véronique Le Guen 
had taken her own life. Just two 
years earlier, she had set a world 
record for the most time spent 
alone in an underground cavern 
by awoman. 
——/ For 111 days, Le Guen 

a went without clocks or any 

information from the outside 

world and lived in a cold, damp cavern 80 metres 
below ground at Valat-Negre in southern France. 

At this depth, not even the temperature of the 
cave -— a constant, dank 9°C - could give her any 
indication whether it was day or night, making 
it very difficult for her to know when to sleep. 

Electrodes stuck to her scalp during the experiment 
revealed that Le Guen’s sense of time quickly came 
unstuck. On one occasion she slept for 18 hours, but 
when she woke up, she thought she had dropped off 
for only a couple of minutes. 

In the cave, she read around 80 books, took 
thousands of urine and blood samples and developed 
a temporary hatred of the experiment’s leader, Michel 
Siffre, who himself had previously spent 205 days in 
a cave in Texas in 1972. 

“| feel a wave of immense aggressiveness that 
dominates my spirits,” Le Guen wrote in her diary. 
“One after the other, | look at each of the instruments 
of my torture: equipment to take samples, analyze, 
count up, manipulate, pierce. A crazy desire overcomes 
me to smash and destroy everything.” 

The experiment was set up to see how humans 
tolerate, or don’t tolerate, states of extreme isolation 
and sensory deprivation. These are circumstances that 
people will almost certainly confront in any serious 
crewed exploration of the solar system. 

Travelling to Mars, for example, would take 
around seven months, so a round trip plus time 
spent on the planet could easily involve 18 months 
of extreme isolation. NASA was interested early on in 
the project and sponsored Siffre’s Texas expedition. 

Siffre’s last major cave experiment ended in 
2000, after he spent 75 days alone in the Clamouse 
cave in southern France. Nowadays, the International 
Space Station provides a more realistic test bed for 
the type of isolation future astronauts may have to 
contend with. Simon Ings 


nowsearentsst 


To find more from the archives, visit 
newscientist.com/old-scientist 
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Forever blue 


Photographer 
Meghann Riepenhoff 


HOW do youimmortalise an 
ever-changing process? This is 
the question US artist Meghann 
Riepenhoff set out to answer with 
Ecotone, a series of cyanotypes 
that capture the many faces of 
water-—and the fragility of our 
relationship with nature as Earth’s 
waters are altered by such things 
as industry and climate change. 

Cyanotypes are a photographic 
printing method invented in 1842 
by John Herschel. Paper is coated 
with a mixture of iron compounds 
that, when exposed to light, create 
images ina rich blue. Although it 
is perhaps best known for creating 
blueprints for technical drawings, 
the process was also used by 
Anna Atkins in the 19th century 
to capture silhouettes of ferns 
and seaweeds by placing them 
directly onto reactive paper. 

Inspired by Atkins, Riepenhoff 
coats her paper with a homemade 
cyanotype emulsion. The sheets 
are then introduced to water. In 
Ecotone, her focus is precipitation. 
Rain, fog and snow are used to 
make special effects — alongside 
chance deposits of salt, dirt and 
sand — before sunlight gradually 
exposes her pieces. For different 
Ecotone images, she hangs the 
sheets over tree branches and 
even buries them in ice. 

Her cyanotypes are never 
fully chemically fixed, allowing 
them to change with their 
environments. A static record 
is created by photographing the 
prints as the images evolve. 


Bethan Ackerley 
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The spy that saved the world? 


Ironbark is one of 2020's most anticipated films. But did one man in Russia 
really prevent two nuclear superpowers colliding, asks Chris Baraniuk 


& 


Film 
Ironbark 


Directed by Dominic Cooke 


THE cold war was about to get 
messy and two people were in the 
thick of it. Ironbark, the gripping 
story of Greville Wynne, a UK 
businessman recruited by MI6, 
and Soviet intelligence officer 
Oleg Penkovsky, premiered at the 
Sundance film festival last month. 

Taking its title from the 
codename used by Penkovsky, 
it stars Benedict Cumberbatch 
as Wynne, Merab Ninidze as 
Penkovsky and Rachel Brosnahan 
as CIA agent Emily Donovan. It 
tells how Penkovsky, via contact 
with Wynne, shared nuclear 
secrets with the West prior to the 
Cuban missile crisis — intelligence 
that the film’s PR calls “crucial”. 

But what was Soviet nuclear 
capability really like? And did 
Penkovsky’s espionage, feted by 
the US, matter? 

The CIA describes Penkovksy as 
“one of the most valuable assets” 
in its history and credits him with 
helping to prevent a nuclear war. 
It also claims intelligence gleaned 
via Penkovsky was vital during the 
stand-off over Cuba in 1962, when 
the USSR deployed nuclear 
weapons there, within striking 
distance of much of the US. As the 
CIA says on its website: “Because 
of Penkovksy, [US president] 
Kennedy knew that he had three 
days before the Soviet missiles 
were fully functional to negotiate 
a diplomatic solution.” 

However, this narrative of 
the spy standing between two 
closely matched superpowers 
ona collision course isn’t quite 
right: there are important facts 
to remember as you watch. 

For one thing, by 1962 Soviet 
nuclear weaponry was far from 
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equal to that of the US. Since the 
dawn of the nuclear era, the Soviet 
Union had been chasing Western 
weapons. Spies had funnelled 
information to Moscow from 

the Manhattan Project in the US, 
which built the first atomic bomb. 
The first successful Soviet device, 
detonated in 1949, ended up being 


“By the early 1960s, 
the US remained far 
ahead of the Soviet 
Union in terms of 
nuclear weapons” 


acopy of the one that Allied 
scientists had demonstrated in 
1945 in the Trinity test. 

Soviet bomb makers had to be 
resourceful. They needed uranium 
but at first had no idea where to 
mine it in the Soviet Union. But 
they had been able to retrieve 
some 300 tonnes of the stufftaken 
from Nazi research sites at the 
end of the second world war. Nazi 


. > 


rocket science also influenced the 
Soviets, leading to the 1957 test of 
the R-7-the first intercontinental 
ballistic missile and the rocket that 
put Sputnik into orbit. 

In the 1950s, Austrian and 
German scientists working for the 
Soviets developed a brilliant way 
to enrich uranium that was better 
than the methods used in the 
West. And, in 1961, the Soviets 
carried out the largest ever nuclear 
detonation, the Tsar Bomba test. 

Despite all this, by the 
early 1960s the US remained far 
ahead, with thousands more 
bombs and warheads, hundreds 
more military vehicles capable of 
carrying nuclear weapons anda 
geographical advantage in terms 
of launch sites. 

Penkovsky helped show the US 
how the Soviets lagged in areas 
such as missile guidance and 
weapon sophistication. The US 
was trying to hold on to that 
advantage, while the USSR was 
playing catch-up, says Alexei 


Acontrol room ata Soviet 
nuclear missile base 
outside Moscow 


Kojevnikov at the University of 
British Columbia, Canada. 

When tensions rose during 
the Cuban missile crisis, Soviet 
premier Nikita Khrushchev 
publicly flaunted his nation’s 
nuclear readiness. In private, his 
feelings were different. As early as 
the mid-1950s, he reportedly said 
he couldn't sleep for several days 
until he became convinced that he 
could never actually give the order 
to use the weapons. 

Did Penkovsky, executed in 1963 
by the Soviets as a spy, alter the 
course of the Cuba crisis as the CIA 
claims? It isn’t clear. What is clear 
is ironic: greater easing of tensions 
came when the nuclear arsenals of 
both sides were better matched — 
and diplomacy was unavoidable. 8 


Chris Baraniuk is a freelance science 
and technology writer 
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Growing up with chimps 
A puppet play exposing the bold experiment of raising chimps in 
human families is moving and deeply realistic, finds Simon Ings 


@p 


Play 


Chimpanzee 

Nick Lehane 

Barbican Centre, London 
Ran from 21 to 25 January 


THE puppet, a life-sized female 
chimp, is made out of wood, rope, 
carved hard foam and papier 
maché. She gazes out at the 
audience from a raised platform 
and, through movement alone, 
weaves her tale. When she was 
young, she lived as part of ahuman 
family. Now she is incarcerated ina 
research lab, deprived of company, 
her mind slowly deteriorating. 

Rowan Magee, Andy Manjuck 
and Emma Wiseman operate the 
chimpanzee, the sole actor ina 
puppet play that made its London 
debut last week. Chimpanzee, 
by Brooklyn-based actor and 
puppeteer Nick Lehane, was a 
highlight of this year’s London 
International Mime Festival. It is 
a moving story that is attracting 
attention from neurologists and 
cognitive scientists along with 
the usual performing arts crowd. 

Lehane conceived the show 
after reading Next of Kin, amemoir 
by psychologist and primate 
researcher Roger Fouts. 

Modern efforts to communicate 
with chimpanzees began in 1967, 
at the University of Nevada, Reno. 
Fouts and his colleagues found that 
their chimpanzees, once taught 
American Sign Language (ASL), used 
it to communicate with each other, 
creating phrases by combining signs 
to denote novel objects. 

Achimpanzee called Washoe was 
the first to wield ASL in a convincing 
fashion. Others followed: when 
Washoe’s mate Moja didn’t know 


A puppet chimp captures 
the strange twists of a life 
spent too close to humans 


the word for “thermos”, he referred 
to it as a“metal cup drink”. When 
Washoe was shown her image in 
the mirror, and asked what she was 
seeing, she replied: “Me, Washoe.” 
As the sign-language studies 
grew more ambitious, Roger and 
Deborah Fouts and their colleagues 
took the chimps into their own 
homes, acculturating them as 
humans as far as they could 
to encourage communication. 


“Chimps, once taught, 
used sign language to 
communicate with 
each other, combining 
signs to create phrases” 


The Fouts’ chimps enjoyed a 
relatively comfortable life once 
they outgrew their human home. 
But other chimps in similar 
programmes found themselves 
sold to research labs, living out 
almost inconceivably solitary lives 
of confinement and vivisection. 

“About midway through his 
career, Roger realised that this was 
an experiment that should never 
have been done,” recalls Joshua 
Fouts, Roger's son. “Out of the 


desire to determine what it is about 
humans that makes us special, 
we've effectively condemned these 
chimpanzees to a life of 
incarceration. They're enculturated 
to our behaviours. They can never 
be reintroduced to the wild.” 

There are no captive chimps in 
New York, so Nick Lehane’s research 
for his play consisted of watching 
videos. According to primatologist 
Mary Lee Jensvold, he couldn't have 
picked a better strategy. “With video 
tape you can take observation toa 
minute level,” she says. 

By the time Jensvold arrived to 
advise on Lehane'’s project, which 
will continue to tour worldwide, 
there was already a performance for 
her to judge. For Lehane, that was 
a heart-in-mouth moment: “I was 
afraid that despite our best efforts, 
we had missed the mark.” 

He needn't have worried. 
“Chimpanzee was phenomenal,” 
says Jensvold. “I was spotting 
things that I knew other people in 
the audience, people who weren't 
experts, weren't going to notice. 

He captured these incredible 
nuances.” She pauses: “So the 
level of suffering that he’s 
depicting: he gets that right, too.” 1 


RICHARD TERMINE 


Don’t miss 


Watch 


Underwater, directed 
by William Eubank. The 
crew of an ocean-floor 
research lab must 
scramble to safety 
after an earthquake 
devastates their home. 
In UK cinemas from 

7 February. 


Physical 
Intelligence 


Tre Soares 
al aoe 


Scott Grafton 


Read 


Physical Intelligence: 
The science of thinking 
without thinking 

(John Murray) by Scott 
Grafton explores the 
fascinating yet often 
overlooked connections 
between how we move 
and act in the world and 
how we think. 


Visit 


Meet Vincent van 
Gogh arrives in London 
on 7 February, after 
enchanting audiences 
in Beijing, Barcelona 
and Seoul. Conjured 

up by virtual and 
augmented reality, 

Van Gogh guides you 
through his life. 
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Views Culture 


The TV column 


All hands to the pumps What if space tourism really takes off, but it is run by 


heartless idiots? HBO’s interstellar comedy Avenue 5 has winning moments, 
but could also use some expert steering, says Chelsea Whyte 


Chelsea Whyte is an assistant 
news editor at New Scientist, 
based in Portland, Oregon. 
Follow her on Twitter 
@chelswhyte 


(=: 


TV 

Avenue 5 
Directed by 
Armando Iannucci 
HBO 


Chelsea also 
recommends... 


Film 
Spaceballs 
Directed by Mel Brooks 


If you want a screwball space 


comedy, you can’t get much 
more ridiculous than this 
parody of Star Wars, where 
an incompetent crew must 
find a way to replenish the 
air on their planet. 


Book 


The Hitchhiker’s 
Guide to the Galaxy 
Douglas Adams 

More thoughtful but just as 
fun, this classic tale follows 
Arthur Dent after he (just) 
escapes Earth’s destruction 
and embarks on an absurd 
voyage across the stars. 
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IMAGINE being stuck at seaona 
ship full of entitled jerks who are 
more worried about their dinner 
order being wrong than the fact 
that the boat is sinking. 

That is the gist of HBO’s 
Avenue 5, a new farce from 
Armando Iannucci, the creator 
of The Thick Of It and Veep. The 
show has a fairly solid premise: 
what if space tourism takes off, 
but the company running it is 
led by callous buffoons? Watching 
dozens of actors fling themselves 
across aroom to simulate a 
spaceship’s gravity changing is a 
great way to start a series, and it 
signals the kind of ride Avenue 5 
takes us on. 

In the first episode, the 
Avenue 5—a ship that looks like 
a luxury department store (think 
Harrods or Saks Fifth Avenue) — 
encounters some trajectory 
problems. Passengers are told 
that instead of their planned eight- 
week holiday, it will take three 
years to get them back to Earth. 

You might think this would 
send people into absolute terror or 
even depression. But everyone on 
board seems consumed with petty 


wotries. They are caricatures of 
affluence and privilege, and while 
that can be funny if played right, 
here it is merely grating. And there 
is an emotional flatness to the 
show that would serve a mundane 
workplace comedy better. 

I was surprised that I didn’t care 
about any of the passengers, and 
instead found myself wondering 


“A dead guy in a coffin 


is jettisoned and ends 
up orbiting the craft, 
a macabre reminder 
ofthe stakes” 


about what Earth in this near- 
future fiction is supposed to be 
like. We get a few glimpses, and 
hear passing comments about the 
toxic Pacific Ocean and children 
dying of famine, though little else 
is revealed in the first episodes. 

The guests aboard the Avenue 5 
include a bossy retiree and her 
lapdog husband, as wellasa 
couple in the middle ofa marital 
breakdown. These are common 
tropes that get old quite quickly. 

I was more amused by a dead 


Hugh Laurie (centre) as 
the captain of a troubled 
tourist spaceship 


guy ina coffin that is jettisoned 
from the ship and ends up 
orbiting the craft, passing by the 
impractically large windows ina 
macabre reminder of the stakes, 
which feel surprisingly low for a 
show about a doomed spaceship. 

The most interesting 
characters are the crew and the 
ship’s owner, Judd Herman, an 
eccentric billionaire whose 
haircut is a perfect send-up of 
space entrepreneur Richard 
Branson’s coiffed golden locks. 

Josh Gad plays Herman as 
an incompetent witha heart 
of stone. He cares only about his 
money and his own happiness. 
His exasperation at being stuck in 
space is more about inconvenience 
than concern for anyone’s safety 
or comfort, and Gad conveys this 
so ridiculously that you can’t help 
but chuckle. 

Herman has no idea how 
to run a spaceship, and he isn’t 
alone in that. The notion that 
the people in charge are idiots 
usually makes for good fun, and 
ifanyone can inject a few more 
laugh-out-loud moments into 
this show, it is Gad. 

Then there is the captain of 
the Avenue 5, Ryan Clark, played 
by Hugh Laurie. Here the star of 
House shines again. Though his 
American accent is spot on, it 
quickly becomes apparent it is 
fake and the angrier he gets, 
the more British he sounds. 

His horror upon discovering 
that — spoiler alert —his crew isn’t 
allit seems and his disdain for the 
dummies around him gave me 
something realistic to cling to ina 
show full of outlandish moments. 
Here’s hoping Laurie can steer 
Avenue 5 to something punchier 
than its current simple silliness. 
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Discovery 
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Space: Past 
and future USA 


A rare opportunity to explore the evolution 
of space travel over two weeks 


A comprehensive and unforgettable experience of visiting sites that have been, 
and will continue to be, key to the development of space travel. Leading space 


journalists and academics Sarah Cruddas, Rebecca Boyle and Chris Impey will 
accompany the tours to provide fascinating insights. 


From the beginnings of liquid fuelled rockets, through to the Apollo and Space Shuttle 
missions and in to the future of commercial orbital human space flight. 


Space centres on the tour include: Plus, visits to: 


) NASA's Goddard Space Flight Center, Maryland }Smithsonian National Air & Space Museum 


) Steven F. Udvar Hazy Space Center, Virginia ) New Mexico Museum of Space History 
) NASA Kennedy Space Center, Florida ) New Mexico Museum of Natural History & Science 
) Virgin Galactic Spaceport USA, ) The Very Large Array Observatory 
New Mexico ) New Mexico’s stunning landscape 
) NASA Space Center Houston, Texas and quirky towns 


To book call +44 203 308 9917 (UK office: Mon-Sun gam to 5.30pm GMT) 
Or email groupsuk@intrepidtravel.com 


newscientist.com/tours 


Departing: 
6 May 2020 
15 days for £5,279 (approx $6,699) 
14 September 2020 

14 days for £4,799 (approx $6,095) 
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‘dies 
THE HARDER WE. 
LOOK, THE LESS. « 
REAL IT SEEMS 


We humans have a bit of a problem with reality. 
We experience it all the time, but struggle to 
define it, let alone understand it. 

It seems so solid and yet, when we examine 
it closely, it melts away like a mirage. We don't 
know when it began, how big it is, where it came 
from and where it is going, and we certainly have 
no clue why it exists. 

Nonetheless, the desire to understand reality 
seems part of our nature, and we have come a 
long way. What was once explained in terms of 
divine creation is now in the purview of science. 
Over the past 200 years or so, we have peeled 
back the layers of reality, even if we are still not 
entirely sure what we have revealed. 

If anything, the mystery has only deepened. 
We are now at a point where it is equally credible 
to claim that reality is entirely dependent on 
subjective experience, or entirely independent 
of it. Reality has never felt so unreal. 

Over the next 10 pages, we delve into the latest 
ideas about reality, from our own everyday 
experience to the fundamental physics that 
seeks to describe the true nature of the cosmos. 
The ideas can be dizzying, but there is no greater 
intellectual challenge than trying to grasp the 
meaning of everything. 
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WHAT IS REALITY 
ANYWAY? 


An abstract way of saying “everything that 

there is”. That is a lot to take in: space, time, 
matter, energy, forces, consciousness, even 
abstract ideas. How to even start? 

Nobel-prizewinning physicist Richard 
Feynman once described the quest to 
understand reality as a bit like watching a 
game of chess without knowing the rules. 

By observing the game, we slowly get to 
grips with what the pieces are and how they 
are allowed to move and interact. 

By roughly the middle of the 20th century, 
physicists thought they had at least identified 
the fundamentals of the game: particles 
and quantum fields. The particles made up 
the matter and energy around us, and the 
quantum fields were responsible for forces, 
like electromagnetism, which governed how 
they interact. The rules of the game were set 
by quantum theory. 

This standard model has broadly stood the 
test of time. The discovery ofits final missing 
piece, the Higgs boson, was confirmation that 
it is at least on the right track. 

And it arguably fulfils at least one 
philosophical definition of reality: what 
exists and what does it do? According to 
philosopher of science Tim Maudlin of New 
York University, if you have answered both 
these questions, then you have essentially 
cracked the problem of reality. 

But the standard model is nowhere near a 
complete answer. It leaves out many things >» 


|: IS a big and bewildering concept, reality. 


TISHK BARZAN]I 
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“If you want a theory of 
everything where it all 


PLAINPICTURE/HARRY + LIDY 


that physicists are pretty sure are real even if 
they have yet to be characterised, including 
dark matter and dark energy. And it can’t 
account for the force that substantially defines 
our experience of reality, gravity. Despite high 
hopes that the Large Hadron Collider would 
follow the discovery of the Higgs with at least 
some hints about a more complete theory, 
none has yet been forthcoming. 

It isn’t that we don’t understand gravity. 
General relativity elegantly paints it as a 
consequence of the deformation of the fabric 
of space-time. The problem is that quantum 
theory and general relativity don’t play by 
the same rules. If one is chess, the other is 
backgammon. Quantum theory is predicated 
on reality existing in tiny, indivisible chunks, 
relativity on it being smooth and continuous. 
This means we can’t understand situations 
where both gravity and quantum theory are 
in play, such as in black holes, the big bang, 
or tiny particles in gravitational fields. 

The most pressing challenge for the study of 
reality today, then, is to find a way of unifying 
quantum theory and relativity in one game. 
“Each of these pieces is contradicted by the 
other,” says Carlo Rovelli at Aix-Marseille 
University in France. “So what’s needed is 
more than sticking the pieces together. We 
are searching for a coherent way of thinking 
in light of what we know.” 

There are options on the table, not least 
the one Rovelli has pioneered, loop quantum 


fits, Isee no hint that 
we’re close — zero” 


gravity, which holds that space-time isn’t 
smooth but made of tiny loops. There is 

also the old stalwart, string theory. This 

says all particles and forces are points on 
one-dimensional strings that extend through 
seven or more invisible extra dimensions. 
Both loop quantum gravity and string theory 
purport to solve some of the incompatibilities 
between explanations of gravity and quantum 
effects, but both also have their problems. 
String theory in particular can lead to some 
pretty outlandish interpretations of reality, 
such as multiverses (see “Is reality the same 
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everywhere?”, page 38) andthe 
“holographic principle”, which holds that 
three-dimensional space is actually a kind of 
projection onto a two-dimensional surface. 


Where to find answers? 


Amore recent avenue being explored by 
theoretical physicists is entanglement, a 
quantum phenomenon whereby two particles 
can influence one another even when they are 
separated by huge distances. This approach 
has recently shown that entanglement can 
define the geometry of space: the stronger 
the entanglement, the more warped space 

is. Some physicists suggest this means 

that space-time emerges from quantum 
mechanics. In which case, quantum theory is 
the more fundamental description of reality, 
and should be where we find answers to the 
questions of what exists and what it does. 

A successful unification of quantum 
theory and relativity would still be glaringly 
incomplete, however, unless it also straightens 
out another must-have feature of reality: time. 
In general relativity, time is central. Quantum 
theory near enough ignores it. Neither can 
provide an explanation for why time always 
appears to tick in one direction. 

It may be that time isn’t a fundamental 
ingredient of reality at all, but what physicists 
call an emergent phenomenon. One way 
to think about this is to imagine warming 
your hands by a fire. Energetic 
molecules in the air are 
bouncing against your skin, 
warming it up. But we don’t 
need to explain what’s 
happening in terms ofthe 
particles: a rise in temperature 
adequately captures the 
phenomenon. Temperature 
is a perfectly good way of 
thinking about an aspect of 
reality as long as we don’t 
assume that it is a fundamental 
thing. The same may apply to time, says 
theoretical physicist Claudia de Rham of 
Imperial College London. 

This way of thinking may even lead to 
an entirely different perspective on reality. 
Perhaps the reductionist approach, of 
drilling down ever deeper to seek even 
more fundamental layers, has hit a limit. 
Some physicists say we need to stop fixating 
on the elusive “true” nature of reality and 
focus on building a set of models that describe 
the various physical phenomena we observe. 

“What we do is modelling,” says de Rham. 


“Our way to interpret what’s going on doesn’t 
necessarily need to be what in reality happens.” 
One seldom considered question, however, 
is how exactly models ought to seek to explain 
reality. Some, such as general relativity, take 
some known quantities about nature-the 
position ofa planet, say —and predict what 
will happen next. Quantum theory takes a 
different philosophical approach, assigning 
probabilities to future outcomes we might see. 
But these aren’t the only methods of 
explaining reality. Consider a much older 
branch of physics: thermodynamics, the 
science of heat, work and power. It doesn’t 
seek to describe the fundamental nature 
of things, but instead rules what can and 
cannot happen. For example, it tells us that 
a scrambled egg cannot be unscrambled and 
that energy cannot be created or destroyed. 
Some physicists are now exploring whether 
a similar approach can help us make headway. 
For example, constructor theory starts from 


the idea that the essence of 

reality is information, and then 

sets out what kinds of things are 

possible and impossible. It is early 

days, but it has already made predictions 

in circumstances that defeat other theories, 
such as the behaviour of quantum particles 
in a gravitational field. 


The next level 


Where does that leave us? Our understanding 
of the game is in a state of flux, but we are 
making progress, even ifit isn’t exactly 

what we hoped for. “If the question is, do we 
have a chance to see the next clear level of 
understanding, then, yeah, I think we can get 
it,” says Rovelli. Even this is unlikely to be the 
last word, however. Rovelli thinks it will just 
reveal more holes in our understanding. “If you 
want a theory of everything where it all fits, 
Isee no hint that we’re close — zero,” he says. 


It isn’t even clear that our brains are actually 
capable of comprehending reality (see “Can we 
perceive reality?”, page 39). Chimpanzees are 
intelligent but could never grasp quantum 
theory, or see why it is necessary. Similarly, 
there may be some fundamental limit to 
human cognition that prevents us from 
getting the big picture—- though maybe 
superintelligent machines could one day do so. 

From ahuman perspective, a more 
fundamental description of reality only 
promises to shift the true nature of reality yet 
further from our everyday experiences of it — 
quite a feat, given the extent to which quantum 
theory and relativity have already done so. 
“When I wake up in the morning, for sure, 
that’s my reality,” says de Rham. “But there is 
definitely something more fundamental that 
I will never be able to experience.” For all our 
efforts to pin it down, reality just keeps on 
getting bigger and more bewildering. 

Joshua Howgego 


JW DID REALITY 
T STARTED? 


ven though we don't fully 
= understand what reality is - and 

may never do so - that doesn't 
stop us from asking where it came 
from. It will come as no surprise that 
answering this question is far from 
easy. Just ask the people whose day 
job it is. They don’t agree on much, 
except that it is a tough gig. “We are 
ina difficult situation,” says Daniele 
Oriti at the Max Planck Institute for 
Gravitational Physics in Germany. 
“We are fishes in the pond and trying 
to infer the situation of our pond.” 

The conventional origin story 
of the pond is the big bang. In this 
account, the universe simply popped 
into existence out of nothingness 
13.8 billion years ago, triggering 
an expansion that has continued 
without pause ever since. It is a picture 
that aligns well with the available 
evidence — such as the ongoing 
expansion of the universe — but 
hasn't yet been definitively accepted. 

Perhaps that is no surprise given 
the unfathomable core of the big bang 
theory: how nothingness can give 
rise to an entire universe. Another 
major stumbling block is the moment 
just after the universe popped into 
existence, when its entirety would 
have been concentrated into a point 
of infinite density and temperature. 
“We do not have any theory that 
describes the universe at ultra-high 
temperatures and ultra-high 
densities,” says Anna Ijjas, also at the 
Max Planck Institute for Gravitational 
Physics. That means our knowledge 
of these first few instants remains 
fundamentally incomplete. 

Better theories might yet fill these 
gaps. Or they might render them 
obsolete by showing that there was 
no beginning for space and time. 

That is the explanation ljjas favours. 
She says that our universe's beginning 
coincided with a previous universe's 
end. Think of it as an hourglass, with 
two halves connected by an incredibly 
narrow neck. In this model, the 
universe would once have had a radius 
of 10° centimetres, more than a 
billion times smaller than the radius 

of an electron. Thatis vanishingly > 
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small, but infinitely bigger than the 
nothingness required for the big bang. 

This hourglass model is known as 
the big bounce, and it has dramatic 
consequences for reality. Because 
theoretical calculations dictate that 
the preceding universe must have 
been similar to our own, its origin must 
also be similar. That means it, too, 
would have begun from the collapse 
of a preceding universe, and so on 
throughout eternity. “In our model, 
space-time never vanishes,” says ljjas. 
In other words, reality has always 
existed and there was no beginning. 

That seems difficult to imagine. 
“It's somewhat counter-intuitive,” 
concedes ljjas. But the alternative - 
the total absence of reality before 
space and time came into existence — 
is more difficult. “It's infinitely more 
difficult,” she says. 


What came before? 


Oriti favours another alternative. For 
him, the big bang represents not the 
birth of the universe, but the moment 
the universe assumed its current form, 
with intelligible properties such as 
space and time. He compares it toa 
phase transition such as the moment 
steam condenses to liquid water. 

“All sorts of notions that you apply 

as a fishin the water simply do not 
apply to a gas,” he says. 

Before this phase transition, 
notions of space and time are 
meaningless, and reality itself 
becomes fundamentally indescribable. 
Even the word “before” is inaccurate, 
says Oriti. “The notion of time ceases 
to apply.” What's more, because all 
phase transitions are, at least in 
theory, reversible, the universe could 
return to this timeless state again at 
some point in the future, presumably 
with dire consequences for us. If 
“future” is even the right word. 

This inability to talk about reality 
in everyday terms seems incredibly 
frustrating. “We get frustrated as 
well,” says Oriti. “I sympathise, but 
get used to it.” Reality, it seems, is 
truly beyond words. 

Gilead Amit 
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»»)) IS REALITY THE S 


EVERYWHERE? = 


and, like Coca-Cola, the laws of nature 
always taste the same. That is a basic tenet 
of physics called the cosmological principle, 
which holds that our patch of the universe is 
a representative sample of the rest. 

This, as far as we can tell, is true. Certainly 
in the bits of the universe that we can see, the 
laws of physics are “uncannily the same”, says 
Richard Bower at Durham University in the 
UK. But an important caveat here is “the bits 
we can see”. What about those we can’t? 

There are bits of the universe that are out of 
sight. Forever. These aren’t the exotic parallel 
universes conjured up by string theory or 
quantum mechanics, but an unavoidable 
consequence of workaday cosmology. Because 
the universe is expanding at breakneck speed 
yet the speed of light is finite, the outer reaches 
of the universe have disappeared over the 
cosmic horizon, forever out of contact as light 
from them could never reach us. The known 
universe inside the horizon stretches about 
46 billion light years in all directions. How 
much there is beyond that isn’t known, but 
it is possible that there are places beyond the 
horizon where the laws of physics are different. 

One reason for thinking this may be true 
is that our laws are bizarrely and arbitrarily 
conducive to life. Cosmologists call this 
fine-tuning. If any of the laws of physics were 
slightly different, we couldn't exist. As just one 
example, ifthe strong nuclear force, which 
holds protons and neutrons together inside 
atoms, were slightly stronger, the sun would 
have exploded long before life got started 
on Earth. There are many other examples 
of fine-tuning, collectively known as the 
“Goldilocks paradox” because so many of 
the laws are just right. And paradoxical it is. 
“There’s no explanation for why they are the 
value they are,” says Bower. “You've just got 
to go, ‘That’s the way it is.” 

The odds ofa universe with the exact 
specifications that can sustain life are so low 
that many physicists argue that there must 
be other places where the laws are different. 
It just so happens that we live in a life-friendly 
patch of universe because, well, it couldn’t be 
any other way. 

And that’s just in our universe. There are 


[nai anywhere in the known universe 


almost certainly others. Multiverses are a 
consequence of many theories, including 
black hole physics and string theory. Not 

all produce different laws of physics, but 
some do. String theory, for instance, 
conjures up 10°” universes, all with different 
laws of physics. 

Could we ever know if any of this is true? 
The reality is that other universes, ifthey 
exist, are probably forever inaccessible to us. 
“Multiverse theories must in principle be taken 
quite seriously, but proposals to test them 
don’t get very far,’ says Simon Friederich at the 
University of Groningen in the Netherlands. 

For now, we have to study what we can see. 
But there is an upside to this: it makes reality 
tractable. “Ifthere is just one universe, then 
we might have a good chance of discovering 
basically everything about physics,” says 
Tim Blackwell at Goldsmiths, University of 
London. Unfortunately, that would be like 
assuming you understood all of biodiversity 
by cataloguing life on a small island. Reality 
may well be different elsewhere, but the 
cosmos is too big for us to know for sure. 
Jason Arunn Murugesu 


>>> CAN WE PERCEIVE 
REALITY? 


don't know about you, but I feel 

that I have a perfectly good 

perception of reality. Inside my 
head is a vivid depiction of the world 
around me, replete with sounds, 
smells, colour and objects. So it is 
rather unsettling to discover this might 
all be a fabrication. Some researchers 
even contend that the live-stream 
movie in my head bears no 
resemblance whatsoever to reality. 

Insome senses, it is obvious that 

subjective experience isn’t the whole 
story. Humans, unlike bees, don't 
normally see ultraviolet light; we can’t 
sense Earth's magnetic field, unlike 
turtles, worms and wolves; are deaf 
to high and low pitch noises that other 
animals can hear; and have a relatively 
weak sense of smell. 


“Everybody knows 
that we don’t see 
all of reality. I say 
we see none of it” 


On top of this, our brain presents 
us with only a snapshot. If our senses 
took in every detail, we would be 
overwhelmed. Did you notice the 
last time you blinked, or that fleshy 
protuberance called your nose that 
is always in your peripheral vision? 
No, because your brain edits them 
out. “A lot of what our senses are 
doing is something like data 
compression: simplifying, in order 
to be able to function,” says Mazviita 
Chirimuuta at the University of 
Pittsburgh in Pennsylvania. 

In fact, most of what you “see” is 
an illusion. Our eyes aren't all-seeing, 
but capture fleeting glimpses of 
the outside world between rapid 
movements called saccades. During 
these, we are effectively blind 
because the brain doesn’t process 
the information that comes in when 
they happen. If you doubt this, stare 
into your own eyes in a mirror, then 
rapidly flick your gaze from one side 
to the other and back again. Did you 
see your eyes move? 

This is only the start of it. The brain, 
after all, is sealed in darkness and 
silence within the solid casing of 
the skull. It has no direct access to 
the outside world, and so relies on 
the information that reaches it via 
a few electrical cables from our 
sensory organs. Our eyes pick up 
information about wavelengths 
of electromagnetic radiation, our 
ears detect vibrations of air particles 
and our noses and mouths detect 
volatile molecules that we experience 
as smells and flavours. Through 
complex processes we only partly 
understand, the brain integrates these 
independent inputs into a unified 


conscious awareness. 

The question is, how well does this 
subjective internal picture represent 
objective reality? 

It is a contentious query, much 
debated by philosophers and 
physicists. What do we even mean by 
objective reality? For Donald Hoffman, 
a psychologist at the University of 
California, Irvine, and author of The 
Case Against Reality, it is “something 
that exists even if no creature 
perceives it” (although, ironically, 
some physicists may beg to differ - 
see “Do we make reality?" page 41). 

But it is impossible to know 
anything about objective reality 
without also involving perception 
and thought. This is why some 
people think that there is no hard line 
between objective and subjective 
reality. “If you have this notion that 
reality is something that is inherently 
different from the mind, then it 
becomes paradoxical to think that 
we ever have access to reality,” says 
Chirimuuta. “Reality depends on us, it 
depends on the way we see the world. 
But at the same time, what we're 
perceiving is one aspect of this reality 
because our perception is shaped by 
the senses we happen to have.” 


Kind of blue 


Take the colour blue. Physicists define 
it in terms of wavelengths of light, 
but for Chirimuuta, we can’t remove 
perception from the equation. 
Blueness, she argues, isn’t a property 
of the object but a property of the 
interaction we have with it. 

Other animals probably experience 
their own versions of reality. This 
logic also applies to the reality 
depicted by science. “The world 
described by physics is also like 
another interpretation based on 
measurements taken with scientific 
instruments that reveal properties 
and processes that the human senses 
can’t, by themselves, latch on to,” 
says Chirimuuta. 

Others go further and argue 
that nothing we perceive bears any 
resemblance to reality - and that it 
wouldn't actually be helpful to “see” 
things as they really are. “I think that 
everybody recognises that we don't > 
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see all of reality. I'm saying we see 
none of reality,” says Hoffman. 

To get your head around this, 
imagine you are playing a virtual 
reality game. You might be driving 
a car, for instance, and can see the 
steering wheel in your hands. “We all 
know that these objects don’t really 
exist, they are the result of computer 
software that renders them,” says 
Hoffman. There is a reality to the 
game, but it is the software and 
circuits of the computer. It would be 
impossible to play the game if we 
operated at this level. Instead, our 
brain perceives constructs such as 
the steering wheel, letting us play. 

Hoffman argues that this trickery 
doesn’t just happen in video games, 
but in every moment of our lives. 
“What I'm claiming is that we're 
born with a virtual reality headset 
on. Evolution gave us a VR headset 
to simplify things, to give us what we 
need to play the game of life, without 
knowing what the reality is.” 

According to this view, our brain 
and sensory system together make 
auser interface that simplifies the 
complexity of the world —- in the same 
way that the icons on a smartphone 
screen are tools to operate the 
gadget’s underlying circuitry. 
Everything we see is really an 
“abstract data structure for something 
that doesn’t even exist in space and 
time”, says Hoffman. 

This is a dizzying view if you 
naively think that what you perceive 
really represents the true nature of 
the world. But in practical terms, 
it doesn’t matter. What matters is 
whether what we perceive allows us 
to successfully navigate this world - 
to survive long enough to pass on our 
genes. “Evolution has shaped us to see 
things that we have to take seriously, 
to see what we need to stay alive,” 
says Hoffman. “But that does not, 
logically, permit us to say that we're 
seeing the truth.” How’s that for a dose 
of cold, hard reality? 

Alison George 
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IS YOUR PERCEPTION: 
OF REALITY THE nN 
SAME AS MINE? 


UR conscious experience of reality 
() may be nothing like the real thing, 

but do people at least share the 
same misrepresentation? It is a reasonable 
assumption that we do-all humans have 
roughly the same brains and sensory systems, 
and when we talk about our conscious 
experiences we all seem to be on the same 
page. But we cannot be sure. The only way 
you know you exist as a conscious being is 
experience of your own consciousness. The 
nature — and even existence — of other people’s 
consciousness is a closed book. For all you 
know, everybody else is a zombie. 

Let’s set philosophical solipsism to one 
side, however, and allow other people to have 
conscious experience. Do they all perceive the 
same events in the same way? The evidence 
suggests that they don’t. 

If you have ever watched a football match 
and felt incredulity at the referee’s decisions, 
take comfort from the fact that the opposing 
fans feel the same — although for the opposite 
reasons. Both sets will end up feeling that they 
were on the wrong end of all the dodgy calls. 

This, of course, isn’t objectively possible, but 
since when did objectivity have anything to do 
with reality? “We perceive the world in relation 
to what we already believe,” says Tali Sharot 
of University College London. This makes 
evolutionary sense because it allows us to 


create mental shortcuts. Evaluating every 
piece of information anew would use up scarce 
mental resources, says Sharot. But the shortcuts 
open us up to many of the vices of the modern 
world, from fake news to conspiracy theories. 


Truth and lies 


These are nothing new, yet the proliferation 
of digital media has shattered any notion of 
a shared baseline “reality” that everyone can 
agree on. Instead, people can seal themselves 
into partisan filter bubbles or echo chambers 
in which they encounter only information 
that conforms to their world views. 

How is it that people can live in the same 
reality and yet experience it so differently? 
One obvious answer is that we are being lied 
to. Another is that we seek out or interpret 
facts to fit our pre-existing beliefs because 
of traits known as motivated reasoning and 
confirmation bias. Both are undoubtedly in 
play, but research on how our brains deal with 
information has revealed that something 
weirder is going on. It isn’t merely a problem of 
interpretation, but of sensory perception itself. 


© 


We literally see the world as we want it to be. 

If you don’t believe that, consider this 
experiment by Yuan Chang Leong, now at 
the University of California, Berkeley. 

He scanned people’s brains while they 
viewed a series of images of faces merged 
with scenes. Participants had to decide 
whether an image contained more face or 
more scene and were paid for correct answers. 

Leong also threw in an occasional curveball, 
offering to pay a bonus ifthe next image was 
more face, impose a penalty if it was more 
scene, or vice versa. Subjects reported seeing 
what they had been told would be more 
profitable. And it turned out that they weren’t 
consciously fibbing for profit: activity patterns 
in the brain’s visual cortex suggested that they 
were seeing what they said they were seeing. 

This “motivated perception” isn’t unique 
to vision. Other studies suggest smell, taste, 


_~- »»)) DOWE MAKE REALITY? 


t first blush, to suggest that 
Aw create reality sounds like a 

combination of arrogance and 
absurdity. In what warped version of 
reality could reality only exist because 
of us? And yet if you spend any time 
pondering quantum theory - our most 
accurate description of reality at its most 
fundamental - it is hard to escape the 
idea that the world becomes “real” only 
when we are looking at it. 

The starting point for this is the 

peculiar fact that observation seems 
to play a key part in transforming the 
ambiguous quantum world into the 
definite picture we know as classical 
reality. An electron, for instance, is said 
to be ina superposition of many places 
at once because, like all quantum objects, 


“We perceive the 
_ world in relation 
~ towhatwe 
already believe” 


reasoning and memory are 

influenced too. That seems strange, 

but again makes evolutionary sense. 

“The main goal of the perceptual system 

is to keep the brain alive, so you can pass 

on your genes,” says Jay van Bavel at New 

York University. You might assume that this 
would favour authentic perception, and mostly 
it does — but not always. We are a social species 
and sometimes group identity, tribal cohesion 
and shared beliefs are more important than 
the truth. Just ask a football fan. 

Layal Liverpool 


it exists in a cloud of possibilities. 
These possibilities are encoded ina 
mathematical entity called the wave 
function, until it is measured. At that 
point, the wave function collapses 
and all the possibilities are reduced 

to one. The electron assumes a single, 
definite position or state - something 
we would recognise as real. 

That much is well-established, but 
the word “measured” is a weasel one. 
“Collapse happens on measurement, 
but ‘measurement’ is vague and 
anthropocentric and seemingly 
inappropriate to play a role ina 
fundamental description of reality,” 
says Kelvin McQueen, a philosopher 
of quantum physics at Chapman 
University in California. 

Consider the double-slit experiment, 
in which a beam of light is shone 
through two side-by-side slits onto a 
screen — the classic demonstration of 
wave-particle duality. The experiment 
can be set up to force a wave function 
to collapse, as revealed by the pattern 
of light on the screen. But when does 
the measurement actually happen: 
when the light passes through the 
slit or when it hits the screen? Now 
imagine replacing the screen with 
a photographic plate that you don’t 
develop until later. Again, when 
does the measurement happen? 

This “measurement problem” is one 
of the biggest mysteries in physics. 

Unless, of course, you take seriously 
the notion that wave function collapse 
is brought about not by measurement 
but by the intervention of a conscious 
observer. John Wheeler at Princeton 
University was among the most 
eloquent proponents of this viewpoint. 
“Nothing is more astonishing about 
quantum mechanics than its allowing 
one to consider seriously that the 
universe would be nothing without 
observership,’” he wrote. 

The idea raises some difficult 
questions, none of which is easy to 
resolve. For one thing, consciousness 
is arguably no less vague than 
measurement, even if integrated 
information theory (IIT), which 
offers a mathematical measure 
of it, may yet show otherwise. 

Another problem concernsthe >» 
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nature of reality before conscious 
minds existed. Without anything to 
do the collapsing, the universe might 
have looked very weird — perhaps 
something like the many worlds 
interpretation of quantum theory, 
which holds that everything that could 
happen does, in an infinite number 

of parallel universes. According to this 
idea, every time a decision is made, 
the universe splits in two, with one 
outcome in one and the other in the 
other. Pre-conscious reality may have 
been a multiverse with every possible 
outcome happening somewhere. 


Inanimate objects 


But not necessarily, says McQueen, 
because IIT rejects the idea that 
consciousness is exclusive to humans 
and other complex organisms. Even 
inanimate objects may possess a 
rudimentary form of consciousness. 
Indeed, consciousness itself may be 
a fundamental property of matter. 

If so, then there was no such thing 

as a“pre-conscious” universe. 

In any case, largely for want 
of a better alternative, it has been 
impossible to erase the conscious 
observer from quantum mechanics. 
If anything, subjectivity has recently 
begun to reassert its centrality in the 
making of objective reality. 

Take quantum Bayesianism or 
QBism, a relatively new interpretation 
of quantum theory. It holds that 
wave function collapse is caused by 
observers updating their knowledge. 
There is no objective reality, only our 
subjective estimation of it. 


That is too much for most physicists. 


But for Markus Miller at the University 
of Vienna in Austria, it doesn’t go far 
enough. Miller is working on a model 
that suggests how an objective 
external world, including the laws 

of nature, can arise from subjective 
experiences. “What my approach 
claims is that physical reality is 
fundamentally observer-relative, 

but in an objective way,” he says. 

That clearly needs some unpacking. 
The idea is rooted in a probabilistic 
law used by Al researchers to help 
machines make predictions about 
the world by discovering regularities 
in the limited data they hold. In 
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“Experiences are 


not caused by 
physical reality, 
but compose it” 


Muller's approach, this “algorithmic 
probability” is applied in reverse: it is 
not the world that is fundamental but 
the information and the probabilistic 
law, which happen to give observers 
the impression of a physical world 
with consistent laws of nature. 

To the extent that Miller's ideas can 
be tested, the maths seems to work 
out, and his ideas have won praise 
as an unusually well-defined attempt 
to formulate a fundamental theory of 
reality from a first-person perspective. 

“Miller's proposal is extremely 
interesting,” says McQueen. “It 
effectively aims to resurrect an old 
idea in philosophy known as idealism, 
according to which experiences are 
not caused by a pre-existing physical 
reality but actually compose all the 
reality there is.” 

Einstein wouldn't have been so 
generous. When the founders of 
quantum mechanics first raised 
the notion that we make reality, he 
pointedly asked if the moon vanishes 
when you turn your back. He was, 
however, humble enough to admit he 
might be wrong. “One assumes a real 
world existing independently from any 
act of perception,” he wrote in 1955. 
“But this we do not know.” We still 
don't, but the idea that subjective 
reality is all there is has to be taken 
as avery real possibility. 

Daniel Cossins 


CAN WE CREATE 
NEW REALITIES? 


is an elephant in the room. How do we 

know that the reality we are in is real? 
The suggestion that we could be living ina 
computer simulation isn’t just a Matrix-style 
science-fiction idea. It is a hypothesis 
that has been discussed and debated by 
philosophers and physicists since Nick 
Bostrom at the University of Oxford floated 
itin 2002. Ifits startling but logical conclusion 
is correct, it renders decades of intellectual 
endeavour obsolete and, ironically, takes us 
back to the beginning. 

Bostrom’s simulation argument says that if 
humans could one day create simulations of 


|: OUR quest to understand reality, there 


the universe populated with conscious beings, 
then in all likelihood we are living in sucha 
computer-generated universe. The argument 
assumes that, eventually, enough computing 
power will exist to create simulations of 
human history that are detailed enough for the 
simulated people in it to be conscious. If so, 
then, statistically speaking, we are more likely 
to be living in a simulation, because simulated 
people would vastly outnumber unsimulated 
ones. That is especially true if simulated people 
make their own simulations ad infinitum in an 
endlessly nested reality. 

“Tf it’s true, it tells us something very 
important about our world,” says Bostrom. 
“The very structure of reality is very different 
from what we assumed.” These simulations 
will only be possible after machines surpass 
humans in intelligence, he says, but whether 
that happens in 10 years or 10,000 years, the 
argument holds regardless of timescale. 

Or maybe it already happened and we are 
part ofone. 

Could we ever know? Some physicists 
have suggested that it is possible to perform 
experiments to find out. “Basically, something 
happens in our simulation that could never 
happen in the real world,” says Preston Greene, 


a philosopher at Nanyang Technological 
University in Singapore. 

One idea is to look at the behaviour of the 
very highest-energy cosmic rays, which some 
physicists say are impossible to simulate 
100 per cent accurately according to the “real” 
laws of physics. Anomalies in 
their behaviour could be 
evidence that reality isn’t real. 

But we should proceed with 
caution. Such a discovery could 
be catastrophic, says Greene. If 
our simulator overlords found 
out that we knew, they might 
just switch us off. 

On a brighter note, even if we 
are ina simulation, it doesn’t 
make our lived reality any less 
real, says Greene- it merely 
changes some metaphysical 
beliefs we have about the universe. “It doesn’t 
change the fact that I’m sitting at a table right 
now,’ he says. “It changes what the table is 
ultimately made out of” 

Instead of quarks, it would be bits. That 
isn’t far removed from some ideas about the 
fundamental nature of reality, which propose 
that the universe is, at its most basic level, 


composed of information. It would also 
account for the mystery ofits origins (see 
“How did reality get started?”, page 37): 
our universe was created by superhuman 
intelligence. Remind you of anything? 

Of course, the simulation argument doesn’t 


provide an ultimate answer to the question 
“what is reality?”. Even if simulations vastly 
outnumber non-simulations, there is still a base 
level of reality in which the first simulation was 
or will be created. The nature of that real reality 
will still demand an explanation, and so the 
ultimate quest goes on. ff 

Donna Lu 
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Tiny microbes 
called archaea, 
shown here with 
the thread-like 
flagella used for 
locomotion, are 
shining new light 
on life’s earliest 
evolutionary 
history 
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A strange family of 
ancient microbes may 
change the very tree of 
life — and our place in it, 
says Colin Barras 


VEN the gods struggled to cope with 
E Loki, the trickster of Norse mythology. 


So it may have been foolhardy to beckon 


the notorious schemer into the world of 
modern science — but that’s what a team of 
researchers did in 2008. They had struggled 
to find a group of hydrothermal chimneys at 
the bottom of the Norwegian Sea because the 


heat signature seemed to keep shifting. When 


they finally tracked down the rocky spires, 
they thought it would be apt to name them 
Loki’s Castle in reference to Loki’s ability to 


confound those around him by shape-shifting. 


The castle’s smallest residents soon began 
stirring up trouble too. Strange microbes 
living there (inevitably dubbed the Lokis) are 
shedding light on one of evolution’s biggest 
mysteries: the origin of complex life. What is 
more, they have reignited an argument about 
the shape of the tree of life, one of biology’s 
most fundamental ways of describing the 
rise of life on Earth, with implications for all 
of us. The discovery of the Lokis may leave 
humanity lumped together with a group of 
weird single-celled organisms called archaea, 
dramatically redefining our species. 

Textbooks will tell you that shortly after 

g biological cells appeared on Earth more than 
5 3.5 billion years ago, there was a parting of the 


= ways that sent life down three distinct branches. 


3 One led to bacteria — single-celled organisms 
2 only visible through a microscope. A second 


that includes humans, trees and fungi. These 
differ from their simpler cousins at the cellular 
level, containing intricate internal structures. 

Long before the Lokis were found, doubts 
about this picture of life had emerged. They 
began with the discovery ofan entirely new 
type of archaea, first identified in an Italian 
sulphur hot spring in the 1980s. These 
organisms are called the Crenarchaeota, also 
known as eocytes, but seemed to share cellular 
features with eukaryotes, which was odd. Until 
then, the two had been considered distinct. 

These similarities suggested a close 
evolutionary connection between archaea 
and eukaryotes and led James Lake at the 
University of California, Los Angeles, to 
suggest an alternative version of the tree oflife. 
He argued that cellular life actually began with 
a two-way split, meaning there are just two 
great domains of life: bacteria and archaea. 

One implication of Lake’s idea is that the 
eukaryotes would then be an evolutionary 
branch within the archaea -—in much the same 
way that biologists now accept that birds are 
an evolutionary branch within the dinosaurs. 
A sparrow might not look like a Brachiosaurus, 
but it is technically a dinosaur. Likewise, a 
William Shakespeare or an Albert Einstein 
might seem to have little in common with 
methane-generating microbes living ina 
muddy bog — but in Lake’s scenario all are, 
technically, archaea. 

Lake’s idea became known as the eocyte 
hypothesis. But you are unlikely to find this 
mentioned in textbooks. “It’s largely been 
ignored,” says Martin Embley at Newcastle 
University, UK. “Inever really understood why.” 

A decade ago, Embley and his colleagues 
revisited the idea. One of the problems facing 
research on the early origins of life is that the 
organisms that existed billions of years ago 
have long since disappeared, which means 
progress relies on understanding the biology 
of present-day organisms. 

So Embley and his team analysed dozens 
of genes that occur in existing bacteria, 
archaea and eukaryotes to work out how 
the three groups interrelate. To their surprise, 
the results strongly favoured the eocyte 
hypothesis’s two-domain tree. 

Not everyone was ready for such a shake-up. 
“T’'ve never had such a difficult review process 
as the one surrounding that paper,” says 


To be fair, says Embley, reconstructing 
evolutionary events that probably occurred 
more than 3.5 billion years ago isn’t easy. The 
task is made harder because bits of DNA are 
commonly swapped “horizontally” — directly 
absorbed rather than inherited —between 
organisms in the different domains. Embley 
says we can get a better sense of the tree of life’s 
shape by focusing on a subset of genes that 
seem particularly difficult to swap horizontally. 
Some enzymes, for instance, interact with such 
a wide variety of other molecules inside the cell 
that microbes can’t easily swap their version 
for one carried by an unrelated microbe. Asa 
result, the genes that produce these enzymes 
resist horizontal transfer. As researchers have 
begun taking this more nuanced approach, 
Embley says the two-domain tree has become 
more popular. “People are now beginning 
to think the two-domain tree is the better 
supported hypothesis,” he says. 

But to really hammer home the idea, 
two-domain advocates needed a symbolic 
discovery — something equivalent to the 
feathered dinosaur fossils that came to light 
during the 1990s and that finally convinced 
many doubters of the bird-dino link. This 
is where the Lokis enter the story. 

Thijs Ettema, now at Wageningen University 
in the Netherlands, and his colleagues 
sequenced DNA collected from the muddy sea 
floor near Loki’s Castle. Some of it turned out to 
belong to microbes that appeared to be archaea, 


“They were 
the microbial 
equivalent 
of a dinosaur 
with feathers” 


but that also carried dozens of genes we had 
previously assumed to be unique to eukaryotes. 
They were the archaea-eukaryote equivalent 
ofa dinosaur with feathers — in other words, 

the Lokis were a missing link that showed how 
some archaea had evolved to be extra complex 
and turn into the first eukaryotes. “We didn’t 
dare to predict we would make such a discovery,” 


a led to similarly simple but biologically distinct 
« microbes called archaea. The final branch led to 
% complex organisms called eukaryotes, a group 


Embley. “What was strange to me was people 
didn’t show we were wrong for any particular 
reason. They simply didn’t believe our results.” 


says Ettema. “It’s super-exciting.” 
The Lokis, more officially known as the 
Lokiarchaeota, have versions of the genes that > 
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help eukaryotes build membrane-enclosed 
compartments inside their cells. Without 
those compartments, eukaryotic cells would 
lack their most dramatic feature, the nucleus. 

Also present within the typical Loki genome 
are versions of the genes that help eukaryotic 
cells engulf smaller microbes. That might be 
another important finding. Many biologists 
think that eukaryotes became large and 
complex only because they carry cellular 
powerhouses called mitochondria, anda 
leading idea is that mitochondria were 
originally smaller bacteria engulfed by 
primitive eukaryotes. 

Collectively, such discoveries fit with the 
idea that the eukaryotes evolved from, and 
are part of, the archaeal domain. “Maybe we 
have to get used to the idea that we are some 
weird group of archaea,” says Ettema. 

Since 2015, researchers have found Loki-like 
microbes all over the world —in Romanian 
lakes, Australian microbial mats and in 
hydrothermal vents in New Zealand and 
Yellowstone National Park in the US. 


Trees of life 


All life on Earth has conventionally been split into three 
domains — bacteria, archaea and eukaryotes (top 
diagram). With the discovery of the Asgard microbes, the 
tree of life might need a radical rethink (bottom diagram) 


THREE-DOMAIN TREE 

EUKARYOTES 
Complex life forms 
including animals, 
plants and fungi 


ARCHAEA BACTERIA 
Microbes with no Single-celled 
nucleus, often found in organisms with 
extreme environments no nucleus 


TWO-DOMAIN TREE 


Looked at this way, eukaryotes, and hence all complex 
life, become a branch within the archaea domain 


Asgard microbes 


O Eukaryotes emerge 
after archaea gain 
mitochondria as a 
result of swallowing 
a bacteria 
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Each group is named in honour of another 
character from Norse mythology and they 

are collectively dubbed the Asgard archaea, 
in reference to the mythological realm. 

Even some researchers who have been 
sceptical of the two-domain idea are willing 
to accept that the Lokis — and the Asgards 
more broadly — are closely related to the 
eukaryotes. They include Gregory Fournier 
at the Massachusetts Institute of Technology. 
However, Fournier says it is important to note 
that this Asgard-eukaryote connection doesn’t 
necessarily mean the tree of life needs to be 
pruned down from three to two domains. 

After billions of years of evolution, 
eukaryotes are dramatically more biologically 
complex than archaea or bacteria. But the very 
earliest microbes on the branch leading to 
eukaryotes would have been so biologically 
simple that they probably looked a lot like 
archaea. This means it is possible that the 
Asgards could have an archaea-like appearance 
while actually capturing an early stage on the 
path to eukaryotes (see diagram). Under that 
scenario, the Asgards would still fit within the 
traditional three-domain tree. 

Studying the Asgards in more detail might 
help to establish beyond doubt whether they 
really are archaea. These microbes were first 
identified by piecing together fragments 
of their DNA, but a living Asgard microbe 
had never been seen. So the focus was on 
working out how to culture one in the lab to get 
a proper look at their biology and behaviour. 


Tentacle discovery 


Last year, Hiroyuki Imachi at the Japan Agency 
for Marine-Earth Science and Technology and 
his colleagues became the first to do just that. 
They announced that they had isolated and 
grown a type of Asgard collected from the 
seabed offthe south coast of Japan. Bucking 
the trend, they named it Prometheoarchaeum 
syntrophicum, after a character from Greek 
rather than Norse mythology. 

The microbe is so difficult (and slow) to grow 
in the lab that Imachi’s team actually began 
their experiment 14 years ago, two years before 
Loki’s castle was discovered — and several more 
years before Ettema and his colleagues found 
the Lokis living there. Despite the topsy turvy 
timeline, P syntrophicum is still the first 
cultured Asgard. Imachi’s paper, which was 
published last month, has been widely praised 
by microbiologists . “It’s really exciting to 
finally have a cultured Loki,” says Fournier. 

The study shows that P. syntrophicum has 
very odd tentacle-like projections. Imachi’s 


The first image of an Asgard microbe: 
Prometheoarchaeum syntrophicum 
with its tentacle-like protrusions 


team speculates that these projections could 
have allowed ancient Asgard-like microbes to 
surround bacteria and, eventually, incorporate 
them into their cells as mitochondria, 
becoming the first eukaryotes in the process. 
The team also showed that these microbes 
don’t live on their own, and could only 
grow in conjunction with a little community 
of other microbes they rely on to survive. 
This close partnership might also have led to 
Asgard species incorporating helper microbes. 
The P. syntrophicum discovery helps 
strengthen the idea that the Asgards are 
closely related to eukaryotes, but it doesn’t 
really help us decide whether the Asgard 
microbes really are archaea, says Fournier. 
For one thing, no known archaeon has 
tentacle-like projections quite like P 
syntrophicum’s. The problem is that it 
is a relatively specialised Asgard microbe. 
There is clearly more work to be done to 
settle the matter. Fournier says we now need 
to culture Asgard species that more closely 
represent the earliest stages of the group’s 
evolution because it will be easier to judge 
ifthese primitive Asgards are archaea. 
Ultimately, the Lokis and the Asgards may 
encourage biologists to reject the three-domain 
tree in favour of atwo-domain version. But 
even ifthey don’t lead to sucha radical change, 
these newly discovered organisms are 
shedding light on the origins of complex life 
forms such as ourselves. The Norse god of 
mischief would surely approve of the shake-up 
his namesake microbes are provoking. 


Colin Barras (@ColinBarras) 
is aconsultant for 

New Scientist. He is based 
in Ann Arbor, Michigan 
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Biological 
Laboratory 
@ CHICAGO 


The Ecosystems Center of the Marine Biological Laboratory (MBL) 
is hiring faculty at all levels to expand our program in coastal 
ecosystems ecology. Scientists with an interest in collaborative, 
interdisciplinary studies on coastal estuaries, bays, marshes, 
and/or coastal watersheds across the globe will be considered. 
Applicants from communities underrepresented in science, or with 
a strong history of service to these communities, are particularly 
encouraged. Candidates applying at the Associate or Senior level 
should demonstrate the potential to take a leadership role in the 
Plum Island Ecosystems Long-Term Ecological Research program 
(pie-lter.ecosystems.mbl.edu/) or the Semester in Environmental 
Science (mbl.edu/ses/). We seek candidates with diverse areas 
of research expertise, including, but not limited to, biogeochemistry 
and its controls, trophic interactions, ecological modeling, and 
community and ecosystem ecology. Top priority will be given to 
candidates demonstrating interest in conducting research within 
the broad context of global climate change and other anthropogenic 
influences on the coastal zone. 


The Ecosystems Center (mbl.edu/ecosystems/) was founded four 
decades ago to investigate the structure and functioning of ecological 
systems and predict their responses to changing environmental 
conditions. The current faculty is highly collaborative, with strength 
in biogeochemistry, ecological modeling, microbial ecology, 
microbial dynamics, plant-soil interactions, coastal processes, 
and adaption to life on land (mbl.edu/ecosystems/faculty/). 
Ecosystems faculty also collaborate with other groups at MBL with 
expertise in molecular evolution, functional genomics, microbial 
diversity, developmental and regenerative biology, bioinformatics, 
and advanced imaging techniques. MBLs initiative in coastal 
ecosystems ecology complements other strategic initiatives at 
MBL involving microbiome research, the development of aquatic 
organisms as new research tools, and advanced imaging and 
image analysis. The MBL is an affiliate of the University of Chicago 
and an Equal Opportunity/Affirmative Action employer committed 
to diversity. All qualified applicants will receive consideration for 
employment without regard to race, color, religion, sex, national 
origin, disability, gender identity, sexual orientation or protected 
veteran status. 


Qualifications: 


Applicants must hold a Ph.D. (or equivalent advanced degree) 
in a relevant field. The successful candidate will demonstrate 
an interest in collaborative, interdisciplinary work, as well as a 
strong potential for establishing a vigorous extramurally supported 
research program that can complement existing areas of strength. 


Applications should be submitted at https://academicjobsonline. 
org/ajo/jobs/15843 


Applications received by March 15 will receive full consideration; 
however, applications will be accepted until the position is filled. 
Inquiries about the position should be directed to Dr. Anne Giblin, 
Chair of the Search Committee (agiblin@mbl.edu). 
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Northeastern 
University 


Assistant/Associate/Full Teaching Professor 
- Electrical and Computer Engineering - 
Robotics 


About the Opportunity: 


The Department of Electrical and Computer Engineering at Northeastern 
University invites applications for Assistant/Associate/Full Teaching 
Professor with a focus on Robotics 


Responsibilities: 


Northeastern University’s Department of Electrical & Computer Engineering 
seeks outstanding candidates for the position of Assistant/associate/ 
full teaching professor with a focus on Robotics. This is a full-time, 
benefits-eligible, non-tenure-track position. Appointments are made on 
an annual 8-month basis, with salary commensurate with experience. 
The position of Assistant Teaching professor entails educational 
interaction with students in roles including, but not limited to, traditional 
instruction (lecture courses, lab courses), curriculum development, and 
student advising. The main responsibility of this position is teaching 
courses related to robotics, including kinematics, dynamics, and control 
of robots, design of microprocessor-based control systems, sensory 
devices, output actuators, numerical methods, state estimation, 
control, perception, localization and mapping, motion planning, and 
the ROS (Robotic Operating System) environment. Also expected to 
teach courses in embedded systems, digital logic design, computer 
organization and/or programming. 


The annual teaching course load is six courses, with the potential for 
teaching more than one section of a course in the same semester, over 
Fall and Spring semesters. Courses may be at both the undergraduate 
and graduate levels. 


Qualifications: 


A PhD in Computer Engineering, Electrical Engineering, Computer 
Science, teaching experience, is required. Candidates should have 
demonstrated experience robotics and related subareas. At least 
2 years’ experience in teaching at the college/university level is 
recommended. Excellent written and oral communication skills are 
required. Industrial experience is desirable, but not required. 


Application should include a cover letter, CV, teaching statement, 3 
references. Asample syllabus from a previously taught class is optional 
but recommended. 


Salary Grade: FAC 
Additional Information: 


Northeastern University is an equal opportunity employer, seeking to 
recruit and support a broadly diverse community of faculty and staff. 
Northeastern values and celebrates diversity in all its forms and strives 
to foster an inclusive culture built on respect that affirms inter-group 
relations and builds cohesion. 


All qualified applicants are encouraged to apply and will receive 
consideration for employment without regard to race, religion, color, 
national origin, age, sex, sexual orientation, disability status, or any 
other characteristic protected by applicable law. 


To learn more about Northeastern University’s commitment and support 
of diversity and inclusion, please see www.northeastern.edu/diversity 


To apply, visit https://apptrkr.com/1784885 


newscientistjobs.com 


REGISTER TODAY 


April 25,2020 | AACR Annual Meeting 2020 | San Diego, CA 


FOR MORE INFORMATION AND TO SIGN UP 


Visit CancerCareers.org, call 215-440-9300, 
or email CareerFair@aacr.org. 


Scientists at all levels: Employers: 
Upload your CV/resume today Post Positions 


—--S¢j ant er 
Discovery 
Tours 


cH 
Darwin’s Galapagos 
with Jo Ruxton 


Explore the Galapagos Islands from the comfort of a luxury 
small-berth yacht accompanied by marine conservationist and 
documentary producer Jo Ruxton 


A paradise for natural history, animal and geology lovers, we have curated a distinctive trip 
which includes the UNESCO World Cultural Heritage Site of Quito followed by eight days 
exploring at sea and exclusive behind the scenes access at the Galapagos Science Centre. 


The spacious and stylish yacht Natural Paradise is small enough to get into bays that larger epi 
expedition ships cannot go near, so you get to experience Galapagos as Darwin did. 11 days for £6,995 (approx $8,885) 
Palapeeos se lions, mare aeuanias lounging on the shores, DE OS boobies patrolling To book call 
the skies, giant tortoises, sally lightfoot crabs and green sea turtles are just a few of the 
animals native to this fascinating archipelago. +44 1285 601 571 
. . , (UK hours Mon to Thu 9-5:30 Fri 9-5 GMT) 

Highlights of the tour include: Or email 
) Explore eight varied islands including ) Lots of opportunities to visit the many newscientist @ 

Isabela, Espanola and Fernandina islands by panga boat and snorkel in these lLcom 
) Exclusive behind the scenes access at amazing waters steppestrave 

the Galapagos Science Centre ) Observe a wide variety of wildlife including 
) Jo Ruxton will give talks on board reef sharks, nazca, blue-footed boobies, sea 

covering marine conservation as well as lions, Galapagos penguins, seahorses, sea 

accompanying the daily excursions turtles and the strange yet fascinating mola. 
) Local naturalist guides will accompany ) Explore Latin America’s largest and best- 

the voyage and give seminars at sea and preserved historic centre and colonial quarters in partnership with Steppes Travel 

on land in Ecuador’s capital, Quito 


SteppesTravel  (A§ 
newscientist.com/tours 
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Sam Wong is social media 
editor at New Scientist. 
Follow him @samwong1 


What you need 
Salmon 

Salt 

Sugar 

Dill 


For nextweek 
White chocolate 
Dark chocolate 
Thermometer 
Hazelnuts 

Coffee beans 

Sea salt 


Next in the series 

1Caramelising onions 

2 Making cheese 

3 Science of crispiness 

4 Tofu and Sichuan pepper 

5 Gravlax and curing 

6 Tempering chocolate 
Make glossy chocolate 
witha satisfying snap 

7Umamiand flavour 

8 Perfect pancakes 

9 Kimchi and fermentation 

10 Sourdough bread 


Science of cooking Week 5 


How to cure everything 


Learn the science of curing so you can preserve all kinds of food, 
says Sam Wong, including fish, meat and even egg yolks 


SALT curing is an age-old way 
of preserving meat and fish 
and enhancing flavour. It is 
also easy to do at home. 

It works by drawing water out 
of microbial cells that cause food 
to spoil, killing them or slowing 
their growth. The meat or fish also 
loses moisture, concentrating its 
flavour. This is further improved 
in meat by enzymes continuing 
to break down proteins over time. 
This produces glutamate, creating 
an enhanced “umami” taste — 

a subject we will revisit later in 
the series. The salt also dissolves 
myosin, the protein that contracts 
muscle fibres, making the flesh 
more tender. 

Cured meats are the subject of 
health concerns. These are linked 
to nitrates, which are often added 
to the cure to preserve meat’s 
red colour. They do this by 
preventing oxidation of red 
myoglobin proteins, but they can 
form nitrosamines, a potential 
carcinogen, when heated. You can 
avoid the risk by curing your own 
meat without nitrates, but it must 
be said that the results may end up 
an unattractive grey colour. 

Gravlax, on the other hand- 
acured salmon dish originating 
in Scandinavia —looks and tastes 
amazing, and is very easy to make. 

It was originally created by 
burying fish ona beach until it 
fermented —the “grav” in gravlax 
comes from the Swedish word for 
grave. But this results in flavours 
that might be described as 
challenging: food writer Anthony 
Bourdain said hakarl, a fermented 
shark dish from Iceland, was one 


All projects are posted at 


of the worst things he ever tasted. 

Modern gravlax involves little 
or no fermentation, however, and 
the fish is only lightly cured. This 
is enough to extend its shelf life 
by a few days, but not weeks. 

Start with a 1-kilogram piece of 
salmon and remove any pin bones 
with tweezers. Mix 50 grams of 
coarse salt and 50 grams of sugar, 
then add some spices if you like: 

a tablespoon of peppercorns, 
coriander seeds or caraway seeds, 
ground in a mortar, works well. 
Rub the mix into both sides of the 
salmon, then place it ona bunch 
of dillin a dish, skin side down. 
Top it with more dill and a plastic 
covering, then put a heavy item on 
top to press down on the salmon. 

Keep it in the fridge for a day, 


The Q&A 

Julie Sze on social 
and environmental 
justice p56 


Science of cooking online 


newscientist.com/cooking Email: cooking@newscientist.com 


then turn the salmon over, repack 
and refrigerate for another day 
or two. All you need to do then 
is scrape off the dill, cut some 
slices and serve with rye bread. 
Egg yolks can also be cured with 
salt and sugar to create a firm and 
richly flavoured ingredient that 
is abit like a cheese. Simply mix 
equal amounts of salt and sugar 
and put some of this in a lidded 
container. Place egg yolks onto 
the salt and sugar, then bury them 
with the remaining mixture and 
cover. After a week, remove the 
yolks, rinse them and dry them 
in an oven at 90°C for 30 minutes. 
Grate or thinly slice the yolks and 
add to meat, vegetables or pasta 
dishes. They should keep in the 
fridge for two weeks. |! 
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The back pages Puzzles 


Quick crossword #50 set by Richard Smyth 
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ACROSS 

1 = Cryof Archimedes (6) 

4 Toxic plant, known as 
false hellebore (8) 

10 27 Across genre associated 
with William Gibson (9) 

11 Tree tissue (5) 

12 Extinct bird, Raphus 
cucullatus (4) 

13 Inflammation of brain and 
spinal membranes (10) 


21 Plant used in herbal 
medicine (7) 

24 1927 Fritz Lang 27 
Across film (10) 

25 Pathogen (44) 

27 Technologically speculative 
literature, film, etc (3,2) 

28 James__, author of 
“An essay on the shaking 
palsy” (1817) (9) 


14 n°(7) 29 Bone structure (8) 
16 Sicilian volcano (4) 30 Snowmobile (6) 
19 Olympus __, Martian 
volcano (44) 
DOWN 
1 Translating into cipher (8) 17 Flipped; went 
2 Rb(8) backwards (8) 
3 JamesT___,captain of 18 Long-legged bird 
the Enterprise (4) in the family 
S_ Glass bead formed by Phoenicopteridae (8) 


meteorite impact (7) 20 Roman siege engine; 


6 Six-sided (9) Ford automobile (7) 

7 Chipped flint nodule (6) 21 Bird enclosure (6) 

8 Remove condensation (6) 22 Vomiting (6) 

9 Connect (to a station 23 Obsolete unit of volume (6) 
or frequency) (4,2) 26 PhilipK_—_, 27 Across 


15 Rose-pink pyrope (9) author (4) 


Answers and the next cryptic crossword next week. 
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Quick quiz #36 


1. What word, from ancient 
Greek for “a changing’, is 
used to describe when a 
cancer spreads from its 
original site? 


2 How many officially 
recognised dwarf planets 
does the solar system have? 


3 Thanks to the “magic” 
number of 50 protons in 
its nucleus, which chemical 
element has the greatest 
number of stable isotopes? 


& The dormant volcano 
Emi Koussi is the highest 
point in the Tibesti 
mountains, and also 
therefore in which 
unforgiving place on Earth? 


5 The name of the warbler 
Sylvia undata means 
“wave-patterned woodland 
sprite”; what is its rather 
more prosaic English name? 


Answers below 


The Black Hole 
cryptic crossword 
#23 Answers 


ACROSS 1 Knurled, 5 Swoop, 
8 In use, 9 Brownie, LO Shushing, 
11 Orca, 13 Tilers, 14 Vivace, 
17 Mien, 19 Follicle, 22 Leanest, 
23 Torsi, 24 Get it, 25 Tiniest 


DOWN 1 Knits, 2 Unusual, 

3 Lee shore, 4 Debunk, 

5 Swot, 6 Owner, 7 Preface, 
12 Pig Latin, 13 Time lag, 
15 Accurse, 16 Tomtit, 

18 Enact, 20 Exist, 21 Newt 


The secret phrase: New Scientist 


Quick quiz #36 
Answers 
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Puzzle set by Hugh Hunt 


#44 Elevator pitch 


On the way back from a party the other 
day, my daughter and | got into an 
elevator. | was holding a cup of water 
with an ice cube floating in it, while my 
daughter was admiring her helium-filled 
balloon as it floated above her on a slack 
string. Our only company in the elevator 
was a Spider, dangling from the lift’s 
ceiling on a thin thread of silk. As the lift 
accelerated upwards, what did we see 
happening to the balloon, the ice cube 
and the spider? 


Answer next week 


#43 Dividing 
Grandma’s field 
Solution 


A fence passing through points A andB 
divides the area precisely in half and ensures 
two oak trees (green dots) are in each plot. 


Any line that passes through point A (the 
centre of the rectangle that is formed by the 
top three squares) will divide that rectangle 
in half. The same is true of any line that 
passes through point B (the centre of the 
lower rectangle). 


Points A and B can be found by folding 
or by drawing diagonals, so no 
measurement is required. 


Our crosswords are 
now solvable online 
newscientist.com/crosswords 
letters@newscientist.com 


The back pages Feedback 


Falling flat 


Graphene, you may not have heard, 
is a wonder material. That's right: 
gram for gram, no other substance 
can generate such great volumes of 
publicity. In the 16 years since it was 
first isolated, this two-dimensional 
arrangement of carbon atoms 

has been touted as a solution 

to problems ranging from water 
filtration to shoe design. But those 
glory days may be behind us. 

Ina recent paper by Lu Wang at 
the University of Toronto, Canada, 
and his colleagues, they state “it 
has become almost a paradigm that 
the once fantastic graphene... is not 
so fantastic anymore and that we 
need to add something to it”. It's a 
good point, one that Feedback feels 
they made more effectively in the 
paper's title. Namely, “Will any crap 
we put into graphene increase its 
electrocatalytic effect?” 

The answer, it seems, is yes. 
Graphene doped with guano 
(Craphene™ patent pending) 
willindeed perform outstandingly 
well under a range of tests. It seems 
that legendarily caustic physicist 
Wolfgang Pauli, who once described 
solid-state physics as the physics of 
dirt, was right once again. 


Bear jokes 


The other week, ITV News 
obtained footage ofan animal 
never before captured on film. The 
elusive drop bear, allegedly one of 
Australia’s deadliest creatures, is 
physically indistinguishable from 
its distant cousin, the koala. This 
fearsome beast targets its prey 

by dropping on them like a ton of 
koala-shaped bricks before sinking 
its fangs into their necks. It is, 
according to the earnest-seeming 
staff at a wildlife park in South 
Australia, the third most common 
cause of injury to tourists. 

It is also, we should point out, 
entirely fictional. If something 
looks like a koala and stinks of 
eucalyptus like a koala, then it is 
either some elaborate eucalyptus 
topiary ora koala. 

None of this was apparently 
known to Debi Edward, an ITV 


correspondent who was tricked 
into wearing body armour from 
head-to-toe before being allowed 
to gingerly hold the animal she 
was told was a drop bear. 

In the popular imagination, 
of course, Australia is the land 
of the venomous beast. There, 
you can’t lift a deadly taipan 
snake without finding a funnel- 
web spider underneath it, or so 
the story goes. It is about time our 
northern hemisphere prejudices 
were given a good fanging. 


Dog whistle 


Dogs and their owners have a 
special bond, so being separated 
from one’s beloved companion 
for long periods of time is a wrench 
for owners and, we presume, 

for dogs too. To alleviate pets’ 
distress, or possibly just owners’ 
guilt, streaming service Spotify 
has released My Dog's Favourite 
Podcast, some 600 minutes 

of soothing speech, specially 
composed music and background 


sounds, such as a washing machine. 


The producers have been advised 
by Alex Benjamin, a psychologist at 
the University of York in the UK. She 
specialises in, well, talking to dogs, 
but in a science-y way. In 2018, 
she published a study showing 
that dogs actually do seem more 
interested in humans when they 
speak in that special tone of voice 
reserved for conversing with pets 
(“who's a good boy?” “sit” or 
“for Christ's sake, Trevor, not on 
the piano”), but also pay more 
attention when words being 
spoken are relevant to dogs 
(“dog", "dog" or "dog"). 

Thanks to this research, the 
podcast features actors Jessica 
Raine and Ralph Ineson talking in 
soft, mellifluous tones intended to 
encourage pooches to relax. “The 
spirit of the wolf has stayed strong 
in your heart,” says Raine, which 
might relax a puppy but could scare 
the daylights out of its owner. 

Being but a page in a magazine 
with no human form, Feedback 
has no pets of its own, so we asked 
regular reader Geoff to see what his 
pup, Kevin, made of it. But Geoff 


Twisteddoodles for New Scientist 
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| 
soon got distracted. “She does 
have a soothing voice. I'd like to 
listen to her if | were in a cage,” 
said the only one of the pair 
capable of saying anything. 
“They've obviously put lots of 
thought into the script, but dogs 
only really learn like five words, 
so it feels a bit absurd.” Though 
he perked up at the sound of 
chirping birds, the truth is Kevin 
doesn’t have a clue what's going 


on, Said Geoff. 
More research is needed to 


determine whether dogs are more 
content if left alone with a podcast 


on than without. But for fairness, 
we should test other podcasts 
too, including the soon-to-launch 
New Scientist podcast. While not 
specifically made with dogs in 
mind, we welcome listeners of all 
stripes (and spots). If any readers 
would like to run this experiment, 
Feedback is all ears. 


Attached 


| 
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CUCUMBER AND REALLY 
HATES IT 


Ct wisteddoodles 


Unheard herd 


Perhaps we were too quick to 
dismiss Kevin’s linguistic abilities. 
Emerging research suggests that 
communication skills may be 
more widespread among animals 
than we thought. A study by 
Alexandra Green at the University 
of Sydney and her colleagues 
found that cows can recognise 
their herdmates’ distinctive moos. 

Green hopes to help farmers 
understand these moos, which 
can apparently express arousal, 
excitement and distress. “It is like 
she is building a Google translate 
for cows,” team member Cameron 
Clark told The Independent. 

For now, we can only imagine 
what cows discuss when chewing 
the fat. “Awful weather today”, 
“lovely bit of grass over here” 
or perhaps “I can’t wait to hear 
the New Scientist podcast”. fi 


Got a story for Feedback? 

Send it to New Scientist, 25 Bedford Street, 
London WC2E gES or you can email us at 
feedback@newscientist.com 
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The back pages Almost the last word 


Fish dish 


Cats love to eat fish yet seem to hate 
getting wet. How would they catch 
a fish, never mind get to eat one, 
before they were domesticated? 


Jane Monroe 

Arcata, California, US 

Of the extant wildcats, the fishing 
cat, Prionailurus viverrinus, and 
the flat-headed cat, Prionailurus 
planiceps, are experienced fishers. 

The domestic cat’s ancestors 
were desert dwellers with little 
opportunity to dine on fish. 
Domestic cats, however, are great 
opportunists and are willing 
to try anything at least once, 
if my cat is any indication. 

Fish has a strong and distinctive 
odour, so it seems reasonable to 
assume that cats are attracted by 
its smell and then decide: hey, this 
stuff tastes pretty good. 

As demonstrated by countless 
videos online, cats won’t hesitate 
to steal food from other animals, 
including humans. If small 
wildcats and their domestic 
cousins develop a taste for 
seafood, they could obtain it 
through thievery. No wetting 
of paws is necessary. 


Simon Dales 

Oxford, UK 

Cats are much like people in 

that they don’t want to get wet 
unnecessarily — but lunch is a 
different kettle of fish. Turkish 

Van cats love swimming and will 
join you in the bath. Even British 
moggies quite like water, especially 
for cooling in the summer. 


Alex Marr 

Lockerbie, Dumfries 

and Galloway, UK 

When I lived in Kiribati, a small 
archipelago in the equatorial 
Pacific, my cats used to bring me 
gifts of live eels they had caught 
on the reef. They would also follow 
me into the shallow water on the 
reef when I went out net fishing 
at night, so they had obviously 
overcome their dislike of water. 
Maybe the fact that the water 
was warm helped them to adapt. 
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This week’s new questions 


Nuts for apples A squirrel surprised us this autumn by 
picking apples from a tree and placing one each in hanging 
baskets around our garden, as well as putting two on top of 
the fence. Is this unusual behaviour for a squirrel? Allan Smith, 


London, UK 


Atomic space A hydrogen atom consists ofa proton with 

an electron whizzing around it. What is in the space between 
them, and what happens to the space when the atom loses its 
electron? Robert P. Bodnaryk (by email, no address supplied) 


Wendy Roberts 

Buckfastleigh, Devon, UK 

When we moved house, our 
Siamese cat presented us witha 
25-centimetre golden orfe every 
morning for nine days. She had no 
qualms emptying our neighbour's 
pond ofhis precious fish. 


Mary Sinclair 
Martletwy, Pembrokeshire, UK 
When I was a teenager, we had 
a large black cat that used to fish 
froma stone at the edge of the 
Pembroke river. He would perch 
there patiently for hours, one paw 
ready. When a fish appeared, he 
would spear it with his claws. It 
amazed us that he managed to 
catch eels as well as trout. 

He never shared his spoils and 
was the only one of the many cats 
we had that we ever saw fishing. 


Katherine Hevezi 

London, UK 

Cats are fascinated by water, 
even if they are reluctant to 
get into it. My cat would even 


leave a succulent turkey leg 
to watch a bath being run. 
She returned to the turkey 
once the water had gone. 


David Critchard 

Exeter, Devon, UK 

I would say that cats like meat — 
the type is largely irrelevant. 

A friend and I once experimented 
with some domestic cats, both 
pampered house cats and feral 
cats from the farms on my friend’s 
estate. The meat they liked most 
was offal: raw liver or kidney above 
all, but spleen and brains too. 

Fish was one of the cheapest 
proteins available to people in 
Victorian days, so perhaps it 
came to be seen as cats’ favoured 
protein, but I have found they 
really prefer energy and 
nutrition-rich offal. 


Is it normal for squirrels 
to spread apples around 
a garden? 


Mind fuel 


How many calories go on 

running the brain? Could! burn 
more calories by trying to do lots 
of difficult mental arithmetic or 
solving the New Scientist cryptic 
crossword? Could! actually think 
myself thinner? 


Jason Arunn Murugesu 

London, UK 

Although the brain only makes 

up about 2 per cent of total body 
weight, it accounts for some 20 per 
cent of the body’s resting energy 
use. Yet compared with electrical 
devices, it is quite efficient. For 
someone with a resting metabolic 
rate of 1300 kilocalories, the brain 
consumes around 260 kilocalories 
a day. This is about 12 watts, which 
is about a fifth of what it takes to 
runa standard lightbulb. 

The amount of energy used by 
the brain remains much the same 
whether you are resting or active 
in some way. Overall, cognitive 
effort has a less than 5 per cent 
effect on brain activity, so it is 
unlikely that you will be to be 
able to think yourself thinner. 


Helen Thomson 

London, UK 

Although extra mental effort can 
consume slightly more calories, 
the more skilled you become at 
something, the more efficient 
the brain can become. So, in the 
end, you might actually expend 
less energy doing it. 


You might not lose weight, but a 
study published in 2017 found that 
“brain-training” activities that test 
memory and reasoning helped 
ward off dementia. So it is still 
worth trying to solve the New 
Scientist cryptic crossword -—Ed & 


Want to send us a question or answer? 

Email us at lastword@newscientist.com 

Questions should be about everyday science phenomena 
Full terms and conditions at newscientist.com/lw-terms 


SOUVENIR ISSUE 
MOON LANDING 
5OTH ANNIVERSARY 


Don't miss a special Souvenir issue from 

New Scientist celebrating the SOth anniversary 
of the moon landings. Explore the past, present 
and future of space exploration with over LOO 
pages of in-depth articles on the wonders of the 
solar system, plus 20 pages of newly resurfaced 
historical content from New Scientist's archive 
detailing the original space race as it happened 


Available from all good 
magazine retailers, digitally in the 
New Scientist app or direct from 


The back pages Q&A 


We can't separate social inequality 
from environmental issues, says 
Julie Sze, and building a sustainable 
future will require us to fully 
understand that fact 


Explain your work in one easy paragraph. 

Iam a professor of American studies, and in 2006 
co-founded the Environmental Justice Project at 
the University of California, Davis, to address 
environmental and social inequalities in the 
Central Valley region of California. My work is 
motivated by my anger that racism structures life in 
the US (and around the world, of course) and that 
environmental destruction continues unabated. 


What is environmental justice? 
Environmental justice originated in the US inthe 
1990s, and essentially says that environmental 
resources and problems should be shared equally 
between everyone. One of the central ideas is that 
environmental and social problems are linked. 


Why is it needed in the Central Valley? 

This region is not the progressive, coastal California 
that most people are familiar with. The Central 
Valley is a highly polluted and socially stratified 
landscape. California has 2 per cent of US farmland, 
but uses 25 per cent of the country’s pesticides, 

and many of these pesticides are applied by air. 
Small agricultural communities have suffered 
from pesticide poisoning because of this. Tens of 
thousands of people lack access to running water, 
and many more lack access to clean water. In short, 
itis alandscape defined by environmental and 
social injustices. It is also the site of some of the 
most creative and committed environmental- 
justice organising and research. 


What's the most exciting thing you’ve 
worked on in your career? 

I’m most proud of founding the Environmental 
Justice Project. This is student-led, and many 

of our projects have spun on to research done 
in collaboration with social-movement 
organisations intended for policy impact. 
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How did you end up working in this field? 
Iwasa campus activist, then worked for an 
environmental justice organisation in New York 
City in the 1990s. I remember seeing presentations 
where activists and researchers were showing the 
clear links between health outcomes and racial/class 
demographics. The case of lead contamination of 
drinking water in Flint, Michigan, is one modern 
example. In some neighbourhoods in New York City, 
25 per cent of black children have asthma, compared 
with the general rate of about 7 per cent in the city. 


How has your field of study changed in 
the time you have been working in it? 

The students I teach are more racially and class 
diverse than when I started my career. They are 
already aware of environmental injustices ina 
broader, more general way. 


What's the best piece of advice 

anyone ever gave you? 

Don’t get attached to doing your work in a particular 
way or institutional location. Also, don’t measure 
your value by the metrics of your institution. 


If you could have a conversation with any 
scientist, living or dead, who would it be? 
Marie Curie, because I find her life story fascinating. 


Do you have an unexpected hobby, and 
if so, please will you tell us about it? 

| walk dogs from the local shelter because 

they need time out, and | can’t get one for 
family reasons, sadly. 


What's the best thing you've read or seen 
in the past 12 months? 

The movie Sorry to Bother You, directed by Boots 
Riley, in which a black telemarketer adopts a 
“white” voice, is stunningly original and radical. 


The title of your new book describes a 
“moment of danger”. What does this mean? 
We are ina moment of xenophobia and inaction 

on climate change, among other things. I think the 
relentless drumbeat of terrible news, environmental 
and otherwise, puts the public into a state ofapathy 
and depression. So the book is for people who are 
looking for some hope in apocalyptic times. 


What scientific development do 
you hope to see in your lifetime? 
Something revolutionary in energy 
would be awesome. ! 


Julie Sze is professor of American studies at the 
University of California, Davis. Her new book is 
Environmental Justice ina Moment of Danger 
(University of California Press) 
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